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1 INTRODUCTION 
 
1.1 Location and Description 
 
The Ruby Wash Diversion Levee (RWDL) is owned by the City of Winslow and is 
located approximately 1 mile south of Winslow, Arizona.  Specifically, the levee is 
located within sections 31, 32 and 33 of Township 19 North, Range 16 East and 
sections 34, 35 and 36 of Township 19 North, Range 15 East of the Salt River Baseline 
Meridian.  The site location is presented on Plate 1. 
 
1.2 Purpose and Scope 
 
Woodson Engineering is under contract with the City of Winslow to perform the Federal 
Emergency Management Agency (FEMA) certification of Ruby Wash Diversion Levee.  
RWDL is a provisionally accredited levee (PAL) with a FEMA PAL agreement that 
expires on July 22, 2009.  The levee is within FEMA Region 9 jurisdiction.  The RWDL 
has been segmented into two sections.  Only one of the two sections (RWDL West) is 
intended to obtain FEMA certification at this time.  This is discussed in greater detail in 
Section 2.1. 
 
Kleinfelder has been selected to provide geotechnical engineering services in support of 
the FEMA certification for the RWDL West.  Kleinfelder’s scope is limited to 
geotechnical evaluations and includes investigations and documentation to satisfy 
current FEMA requirements B(4) and B(5) of 44CFR 65.10.  Hydraulics and Hydrology 
(H&H) analyses were performed by JE Fuller, Inc. and Coe and Van Loo, Inc.  Woodson 
Engineering coordinated the certification effort on behalf of the City of Winslow.  
Woodson Engineering also provided engineering support and survey services for the 
project and will prepare the final levee certification report to FEMA. 
 
Kleinfelder’s geotechnical study was divided into two phases (Phase I and II) to be 
completed under separate contracts.  This report presents results of both the Phase I 
and Phase II study.  The purpose of the Phase I study was to obtain subsurface 
information within the levee and underlying foundation materials, develop site 
characterization model, evaluate potential failure modes and select cross sections for 
engineering analyses.  The Phase 1 study was completed in general accordance with 
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our proposal to Woodson Engineering dated August 28, 2008.  The Phase I study was 
limited to the levee reach from Station 165+00 to Station 381+30 as shown on Plate 1.  
The scope included background information review, field investigations with surface 
geophysical surveys and exploratory borings, soil sampling, laboratory testing and 
engineering evaluations of the data. 
 
The Phase II field study was completed in general accordance with our proposal to 
Woodson Engineering dated April 7, 2009.  The Phase II field study was limited to 
Station 163+80 to Station 381+30.  These station limits were based upon the report 
titled: Segmentation Technical Memorandum for Ruby Wash Diversion Levee, by JE 
Fuller Inc. dated November, 2008.  The study limits are shown on Plates 3 through 8.  
The purpose of the Phase II field study was to aid in the evaluation, from a geotechnical 
standpoint, whether the RWDL West levee satisfactorily meets or exceeds the current 
general FEMA requirements for levee certification outlined in 44 CFR Section 65.10, or 
if it requires further improvements to meet certification requirements. 
 
1.3 Project Elevations 
 
Ground surface elevations are based on existing surface topographic survey elevations 
provided by Woodson Engineering Inc. and 100-year water surface elevations were 
provided by JE Fuller and Associates.  Elevation references in this report are in feet and 
are based on the North American Vertical Datum of 1929 (NAVD29). 
 
1.4 Levee Performance Issues Not Addressed 
 
This report primarily addresses levee performance issues related to operation and 
maintenance, seepage, slope stability and settlement.  Other levee performance issues 
not addressed in this report include the following: 

 Embankment Protection; 

 Closure Devices; 

 Interior Drainage; and, 

 Encroachments. 
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2 BACKGROUND INFORMATION 
 
2.1 Description of the Ruby Wash Diversion Levee 
 
The Ruby Wash Diversion Levee system is approximately 5.3 miles in length and was 
constructed to provide flood protection to the City of Winslow from flood waters 
originating from two main areas.  According to the report titled: Segmentation Technical 
Memorandum for Ruby Wash Levee, by JE Fuller and Coe and Van Loo, dated 
November 2008, the levee is segmented by a ridgeline at approximately Station 
163+80.  Waters originating south and east of this ridgeline flow parallel to the levee 
and into the Little Colorado River (LCR).  Similarly, waters originating south and west of 
this ridgeline run west and then north into Ruby Wash through a storm drain that 
penetrates the levee at Station 286+40.  Because of this ridgeline, the Ruby Wash 
Diversion Levee system, can be divided into two separate levees appropriately labeled 
RWDL West and RWDL East with Station 163+80 serving as the division.  According to 
JE Fuller’s H&H report dated October 2008 almost the entire section of the RWDL East 
from approximately Station 147+34 to the confluence of the Little Colorado River at 
Station 99+60 would overtop under a 100-year flood.  Therefore, the City of Winslow 
has only requested FEMA certification under 44 CFR Section 65.10 for the RWDL West 
Levee as defined from levee station 163+80 to 381+30. 
 
The RWDL West provides protection from Ice House Wash, Ruby Wash and four other 
unnamed washes.  Flow from each of these washes is characterized as intermittent.  A 
low flow channel is located on the waterside of the levee.  The channel and levee were 
constructed concurrently to contain and divert water generally parallel to the levee. 
 
Previous to the design and construction of the RWDL system, the Civil Aeronautics 
Administration (now the Federal Aviation Agency) constructed a small diversion levee in 
1944 to protect the recently completed Winslow Airport runway extension.  This older 
levee was removed during construction of the RWDL.  The only remnant of this older 
levee can be seen on the west bank of Ruby Wash just north (landside) of levee Station 
286+40. 
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2.2 Levee Design and Construction 
 
The levee was designed by the United States Army Corps of Engineers (USACE) in 
1969 and construction was competed in 1971.  The USACE document titled: Winslow 
Flood Control Project, Winslow, Arizona and Vicinity – Design Memorandum No. 1, 
dated 1969, states the following: 
 

“The levees would be constructed of soil and rock from the excavation and 

borrow.  The fill material would be placed in layers not exceeding 12-inches.  A 10-foot 

minimum width of compacted soil would be provided at the center of the levee to 

preclude an entire rock fill section. (Zone I).  The outer zones would vary from soil to 

rock fill, with coarser (rock) materials placed toward the outer slopes (Zone II).  Because 

of the short duration of peak flow and the imperviousness of the compacted soil, a 

steady seepage condition would not develop, hence piping would not occur   Placement 

of the coarser material on the outer slopes would result in an infinite slope safety factor 

of 1.2, based on the assigned shear strengths.” 
 
Plate 2 illustrates a typical RWDL levee cross section with Zone I and II levee materials 
indicated.  The assigned design strength parameters from the design memorandum are 
provided in Table 1-1 below: 
 

Table 1-1 – Assigned Design Shear Strengths 
 Compacted Soil Compacted Rock Fill Foundation Soil 

Dry Weight, pcf 105 120 90 
Drained Weight, pcf 121 125 105 
Saturated Weight 129  120 
Degrees (drained) 30 35 28 

 
The USACE document titled: Specifications for Ruby Wash Diversion Levee, dated 
1970, indicates the Zone I material is to consist of a minimum of 70% passing the No. 4 
sieve with no pieces larger than 9 inches.  In addition, the waterside slopes are covered 
with an ungrouted stone revetment ranging in weight from 5 to 500 pounds.  See 
photograph No. 1 in Appendix G for a typical view of levee revetment. 
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A low flow channel was constructed parallel to the levee to convey and channelize 
overland flows, which are generally oriented perpendicular to the levee alignment.  The 
channel, as shown on Plate 2, is trapezoidal in cross section with approximately 
0.5H:1V slopes.  It is located approximately 30 to 100 feet from the levee toe and varies 
in depth from approximately 1 to 20 feet.  See Appendix 3, Photograph No. 2 for a 
typical view of the channel. 
 
According to the USACE design documents, the average height of the levee is 
approximately 12 feet with an average crown width of 16 feet.  The slopes of the levee 
are approximately 2H:1V.  A 36-inch reinforced concrete pie was constructed through 
the levee at Station 286+40 to provide outlet of water into Ruby Wash (Appendix G, 
Photograph No. 3).  No As-Built information for this pipe crossing was available. 
 
USACE specifications referenced the specifications for Ruby Wash Diversion Levee, 
dated 1970 indicate the following: 
 

“Fill material shall be compacted with rubber-tired rollers of the type hereinbefore 

specified to the extent that each layer of fill is transversed with four passes of a rubber-

tired or vibratory roller…If from field tests made by the government, it is determined that 

the desired compaction of any fill is not secured by the minimum number of passes 

specified, additional passes shall be made over the surface area of such designated 

portion.” 

 

No minimum compaction density percentages for levee fills were stated in the 
specification documents or in the plans.  However, the moisture content of the levee fills 
were required to be within three percent of optimum moisture as provided by American 
Association of State Highway Officials Specification T 99-61 I, Moisture Density 
Relations of Soil Using a 5.5 pound Rammer and a 12-inch Drop. 
 
2.3 Operation and Maintenance 
 
An outline for procedures of operation and maintenance (O&M) of the RWDL is 
provided in USACE document titled: Operation and Maintenance Manual for Ruby 
Wash Diversion Levee Flood Control Project at Winslow, Arizona, November 1981, 
Revised 2007.  The O&M manual indicated levee inspections are to be performed 
semiannually and records are to be submitted to the USACE Commander, Los Angeles 
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District.  The inspections are the responsibility of the Superintendant appointed by the 
Winslow City Council.  One levee inspection report was discovered in the records 
search.  The inspection was performed on June 20 and 21, 2007 and reported issues of 
erosion to the landslide embankment, encroachment and overgrown vegetation. 
 
Kleinfelder performed an inspection of the RWDL in March, 2008.  The results of the 
inspection are presented in the final report titled: Levee Inspection Memorandum Letter, 

Ruby Wash Diversion Levee, Winslow, Arizona, dated January 6, 2009 (Appendix K).  
Numerous maintenance items such as slope erosion (rilling) and animal burrows were 
observed and documented in the referenced report.  Minor rilling and general slope 
erosion tended to be more pronounced on the landside levee slopes.  Riling areas 
tended to occur intermittently along the levee length. However, some localities 
experienced deeper erosional gullies. No evidence of seepage, settlement, or slope 
failure was discovered during the inspection.  The report identifies several areas along 
the levee that appear to have a minor reduction in levee cross section due to erosion 
from rainwater.  Many of these problematic areas of erosion were compounded by 
human activities such as off-road vehicle use and burrowing animals. 
 
2.4 Levee Survey Comparison 
 
Woodson Engineering performed a survey along the levee control line to compare the 
original As-Built elevations.  The survey was performed in 2008 and illustrates the As-
Built levee profile compared to the 1971 As-Built plans.  Selected cross section profiles 
from the 1971 As-Built’s were also surveyed by Woodson Engineering.  The surveys are 
presented in Appendix I.  
 
In general, the 2008 elevation measurements along the levee control line were greater 
than shown on the 1971 As-Built plans.  Out of 64 control line survey points only three 
indicated elevations less than the 1971 As-Builts.  The three survey points in question 
ranged from 0.09 to 0.3 feet.  The remaining 61 survey points that measured above the 
1971 As-Builts ranged from 0.05 to 2.9 feet.  The deviations in the levee profiles from 
the As-Built plans may be attributed to either a lack of construction control during 
grading, a higher level of survey accuracy when compared to the 1970’s survey 
technology, or a combination of both. 
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The 2008 survey elevations along the levee slopes indicate that the slopes are 
generally shallower than were originally surveyed by the Army Corps of Engineers.  This 
may be attributed to erosional processes like hydraulic forces caused by rainfall and 
abrasion caused by wind in dry conditions and water in wet conditions.  A lack of 
adequate construction survey control during construction may have also been a factor. 
 
2.5 Historical Floods 
 
The City of Winslow Fire Chief, Mr. Boney Candalaria, stated via a personal interview 
with Mr. Jeff Swan of Woodson Engineering that he could not recall flood waters being 
behind the subject levee within the last 40 years.  Mr. Candalaria is responsible for 
checking the drainages around Winslow during high rain events. 
 
One flood was briefly discussed for the Winslow area in the USACE Design 
Memorandum No. 1 (Appendix E).  According to this document, the storm of August 25, 
1957, dropped approximately 1 inch of rain within an hour.  A total of 1.2 inches fell over 
a four hour period.  Discharge estimates or damage reports were not provided and the 
location of flooding was not specified. 
 
The report titled: Data Collection and Levee Categorization Report for Ruby Wash 

Diversion Levee, Winslow, Arizona, by J.E. Fuller, Inc., dated October 2008 were 
reviewed for historical flood data.  No records of flooding against the RWDL were found.  
However, the 100-year flood elevation data is provided in this report.  The 100-year 
Flood level, as provided by J.E. Fuller report, was plotted against the levee crown and 
toe height at specific boring locations (Plate 14).  In general, the difference between the 
100-year flood elevation and the top of levee increases from west to east.  From Station 
381+30 to 350+00, the 100-year flood height against the levee is approximately 1 foot.  
From Station 350+00 to approximately 270+00 the 100-year flood height is 
approximately 5-feet.  The 100-year flood height against the levee ranges from 5 to 10 
feet from Station 270+00 to 165+00. 
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The document titled: Flood Insurance Study (FIS) for Navajo County, by the Federal 
Emergency Management Agency, dated November 1993 was also reviewed for 
historical flood information.  One historical flood event was discussed in this reference.  
The flood occurred in 1978 within a subdivision near the Little Colorado River.  
Extensive property damage was reported in this subdivision.  This area is not within the 
RWDL West floodplain and there were no references to flooding against the RWDL. 
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3 GEOLOGY AND GROUNDWATER 
 
3.1 Geology 
 
The site is located in the Colorado Plateau physiographic province, which is one of 
three physiographic and structural provinces in the State of Arizona: the Colorado 
Plateau, Transition Zone, and Basin and Range.  The Colorado Plateau is generally 
characterized by broad, relatively flat-lying, seismically stable mesas.  Geologic 
mapping of the project area by Richards, Reynolds, Spencer and Pearthree (2000) 
indicates Triassic Moenkopi Formation (Moenkopi) as the only major rock unit exposed 
at the surface at the site.  The Moenkopi Formation was deposited in a near-shore, 
braided stream environment during the mid to upper Triassic time period (230 – 245 
million years ago). 
 
The Moenkopi is generally red in color with interbedded and laterally discontinuous 
claystone/siltstone lenses.  Gypsum and other evaporite minerals intermittently occur as 
thin laminations between the claystone/siltstone interbeds.  In general, weathering of 
this rock unit has produced a relatively thin residual cover of silty and clayey sand.  The 
Moenkopi was observed in outcroppings throughout the project area, especially within 
washes and the low flow channel excavation.  These intermittent washes are generally 
subject to flash-flood conditions during infrequent rain events. 
 
3.2 Faulting and Seismicity 
 
According to the report titled: Development of Seismic Acceleration Contour Maps for 

Arizona, by Euge and Lam, dated September 1992, the Ruby Wash Diversion Levee is 
located in the Southwestern Plateau Seismic Source Zone.  This seismic zone is 
characterized by low-activity Quaternary faults.  The maximum credible earthquake for 
the project area is conservatively estimated at a magnitude of 6.5 (Euge, et al, 1992).  
The largest instrumentally recorded event was the 1959 Fredonia earthquake of a 
magnitude of 5.5 (Euge, et al, 1992). 
 
There are no mapped faults within the general vicinity of the project site.  The United 
States Geological Survey reports that there are at least four active fault zones within 50 
miles of the site.  The nearest Holocene faults to the site are the Horseshoe Fault Line 
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and the Big Chino Fault located approximately 89 miles southwest and 103 miles west 
of the project area, respectively.  The nearest Late Quaternary faults are the Rock 
Horse Faults and Lake Mary Fault Zone located approximately 34 miles northwest and 
40 miles west of the project area, respectively.  The nearest Mid Quaternary Faults to 
the site are the Leupp Faults located approximately 28 miles northwest, Vernon Fault 
Zone located approximately 69 miles southeast, and the Cottonwood Basin Fault 
located approximately 68 miles northwest of the project area.  In general, the faults form 
am intersecting pattern of northeast and northwesterly trending faults. 
 
Based on the seismic acceleration contour maps developed by the USGS (2005), the 
peak horizontal acceleration in bedrock with a 10 percent probability of exceedance in 
50 years is approximately 0.04g for the subject site.  The peak horizontal acceleration in 
bedrock with a two percent probability of exceedance in 50 years is approximately 0.11g 
for the subject site. 
 
3.3 Regional Groundwater 
 
A search of the Arizona Department of Water Resources web site indicates that two 
state monitored wells are located approximately 5 miles from the levee.  Well No. A-19-
1606CDB is located approximately 5 miles to the northwest of the levee.  The depth to 
groundwater at this well is approximately 44 feet.  However, this well is approximately 1 
mile west of the Little Colorado River (LCR), within the LCR floodplain, and is likely 
influenced by groundwater recharge from the river.  Well No. A-18-1413ABD3 is located 
approximately 5 miles southwest of the levee.  The depth to groundwater at this well is 
286 feet.  We anticipate the groundwater depth beneath the levee for the project area is 
in excess of 100 feet below the ground surface.  No groundwater was encountered 
during our field exploration. 
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4 FIELD EXPLORATION AND LABORATORY TESTING 
 
4.1 Previous Explorations 
 
USACE performed a limited study during the design phase of the RWDL.  The USACE 
information is provided on the As-Built plans (Appendix D).  Exploration locations are 
also shown on Plates 3 through 8.  Pre-construction explorations consisted of “auger 
probes” to refusal depths and test pits.  Auger probe test results, as shown on As-Built 
plans, only include depth to refusal and no subsurface soil descriptions.  Auger probe 
refusal depths ranged from 0.1 feet to 6 feet below ground surface.  Four test pits (TT-5 
through TT-9) are located within the study area.  The test pit logs indicate silty sand and 
clayey sand overlying bedrock. 
 
4.2 Phase I (2008) Exploration 
 
Based on the review of the available background information and our site inspection 
results, Kleinfelder produced a detailed exploration plan for the Phase I field study.  The 
exploration program was designed to compliment information already available and to 
meet the following objectives: characterize subsurface stratigraphy in view of the 
identified potential failure modes; collect samples for laboratory testing; estimate 
material properties for seepage and slope stability analyses; and to develop a 
subsurface stratigraphy profile along the levee crown and at the selected cross-
sections.  The plan included drilling details and specifications, data objectives, locations 
and depths of borings, locations of geophysical lines and proposed field and laboratory 
testing program (Kleinfelder, 2008). 
 
The locations of the subsurface explorations are presented on Plates 3 through 8.  
Generally, the boring locations were selected to 1) investigate foundation conditions 
near linear map features crossing the levee alignment such as washes and streams; 2) 
validate data from old auger probes; 3) evaluate existing conditions and validate 
information presented on As-Built drawings; and 4) evaluate embankment material 
properties as compared to the design parameters. 

93212\TEMP09R117 Page 11 of 46 July 17, 2009 
Copyright 2009 Kleinfelder 



 

The subsurface exploration was performed from October 30 to November 11, 2008, and 
consisted of drilling and logging a total of 25 hollow stem auger borings.  Borings B-1 
through B-18 and B-20 through B-26 were generally advanced to auger refusal.  Boring 
B-19 was omitted from the boring plan because the proposed location was actually a 
ridgeline with a very thin levee section present.  The borings were advanced utilizing a 
CME-75 truck-mounted drill rig equipped with an 8-1/4-inch outside diameter hollow 
stem auger.  Bedrock cores were obtained at five boring locations.  At a few boring 
locations where bedrock cores were desired, an air-rotary drilling method using a 
tricone bit was used to advance the hole down to a stratum that had sufficient hardness 
to begin the NQ core run.  Water was used as the circulating medium only for the NQ 
bedrock cores.  The borings were advanced to depths between 2 feet and 30.5 feet 
below existing grade. 
 
Relatively disturbed soil samples were obtained using a California sampler with a 2.5-
inch inside diameter and a 3.0-inch outside diameter.  Additional soil samples were 
obtained using a split-spoon sampler with a 1.5-inch inside diameter and a 2.0-inch 
outside diameter.  The split spoon sampler with no liners was driven a maximum of 18 
inches using a 140-pound “automatic” hammer falling 30 inches.  Blow counts for 
successive 6-inch penetration intervals were recorded.  This process is referred to as 
the standard penetration test (SPT).  The SPT data is discussed in greater detail in 
Section 5.1.1.  California samplers were driven a maximum of 12 inches with the same 
hammer weight and drop height.  Bulk samples of auger cuttings were obtained at 
selected intervals.  Each bore hole was backfilled with a cement/bentonite slurry 
mixture. 
 
A Kleinfelder Staff Professional continuously monitored the field drilling activities; 
visually classified the soil and rock encountered, prepared boring and core logs, and 
collected samples for laboratory testing.  The explorations were logged in general 
accordance with procedures established in ASTM D 2488, ASTM D 2487 and USACE 
Engineering Manual for Geotechnical Investigations (EM 1110-1-1804).  Boring logs in 
gINT format are provided in Appendix A. 
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4.3 Phase II (2009) Exploration 
 
The phase II field program was developed based upon the findings of the Phase I study. 
The main objectives for the Phase II field program were to: 

 Use the sonic boring method to recover more representative samples of the 
levee fill material to compare laboratory gradation and internal zonation against 
the original project specifications. 

 The Phase I geophysical line S5 indicated an anomalous subsurface feature near 
Station 361+00.  An additional, higher resolution geophysical study was 
performed in this area, along with additional sonic borings, to further characterize 
the anomaly. 

 Better characterize the alluvial materials that underlie the levee where the levee 
intersects washes and recover undisturbed samples of the alluvial materials for 
laboratory testing. 

 Evaluate the as-built condition of the Ruby Wash culvert levee penetration at 
station 286+40. 

 
The locations of the Phase II sonic borings and geophysical lines are presented on 
Plates 3 through 8.  The sonic borings were performed from March 30 to April 7, 2009, 
and consisted of drilling a total of seven bore holes (SB-1 through SB-7).  The borings 
were advanced using a track-mounted Mini Sonic Class 100 Series drill rig equipped 
with 6-¼-inch outside diameter core barrel.  The borings were advanced to practical 
refusal on hard bedrock material.  The recovered samples were logged in the field and 
transported to Kleinfelder’s Tempe laboratory. 
 
An undisturbed sample was obtained of alluvial material from under the levee at sonic 
boring location SB-1 at 26.5 feet below existing ground surface as shown on Appendix 
A-33 A California sampler was driven a maximum of 12 inches using a 140-pound 
“automatic” hammer falling 30 inches.  Blow counts for successive 6-inch penetration 
intervals were recorded.  Each boring was backfilled with a cement/bentonite slurry 
mixture. 
 
A Kleinfelder Registered Professional Geologist continuously monitored the field 
activities and supervised the Kleinfelder Staff Professional who visually classified the 
soil and rock, prepared boring logs, and collected samples for laboratory examination 
and testing.  The explorations were logged in general accordance with procedures 
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established in ASTM D 2488, ASTM D 2487 and USACE Engineering Manual for 
Geotechnical Investigations (EM 1110-1-1804).  Boring logs in gINT format are provided 
in Appendix A.  Photographs of the recovered sonic and rock core samples are 
presented in Appendix H. 
 
4.4 Laboratory Testing 
 
Geotechnical laboratory tests were performed on selected soil samples collected from 
the borings.  The laboratory program was designed to aid in our assessment of the 
geotechnical engineering properties of the levee materials and subsurface soils. 
 
The Phase I laboratory testing program consisted of the following tests: 

 Ten (10) Unit Weight (ASTM Test Method D 2937); 

 Ten (10) Moisture Content (ASTM Test Method D 2216); 

 Twenty (20) Grain Size Analysis (ASTM Test Method D 2487); 

 Twenty (20) Atterberg Limits (ASTM Test Method D 4318); and, 

 Five (5) Particle Size Analyses – Hydrometer (ASTM Test Method D 422). 

 
The Phase II laboratory testing program consisted of the following tests: 

 Thirty (30) Grain Size Analysis with Hydrometer  (ASTM Test Method D 2487 
and D 422); 

 Thirty (32) Atterberg Limits (ASTM Test Method D 4318); 

 Two (2) Grain Size Analysis, 200 minus by washing (ASTM C 117); and, 

 One (1) Consolidation (ASTM D 2435). 

 
A summary of the laboratory test results are presented in Appendix B and discussed in 
Section 5.2.  Results of the unit weight and moisture content tests are shown on the 
boring logs in Appendix A. 
 
4.5 Geophysical Explorations 
 
The Phase I geophysical survey was conducted to supplement information obtained in 
the Phase I borings and assist with site characterization efforts.  Five Refraction 
Microtremor (ReMi) Seismic lines were performed by Kleinfelder’s subcontractor, Mr. 
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Jim O’Donnell.  The ReMi method is a geophysical method that utilizes background 
noise to delineate the layered profile of the subsurface, and calculates the shear wave 
in the subsurface materials.  In addition to the ReMi survey, ground penetrating radar 
(GPR) surveys were performed at the same five Phase I ReMi locations.  GPR is a tool 
to detect voids and to interpret geologic structures in the subsurface. 
 
The Phase II geophysical survey consisted of performing two (2), 235-foot, 48 channel 
Vp refraction tomography seismic lines at the locations specified below.  In addition to 
the seismic lines, a GPR survey was conducted at the same locations to supplement 
the seismic data.  The Phase II geophysical survey was conducted to: 

 Provide a more accurate subsurface velocity model to better characterize the 
anomaly encountered in the Phase I ReMi geophysical survey in the vicinity of 
Station 381+00. 

 Provide information regarding the backfill material that was placed over the levee 
culvert penetration at station 286+40. 

The results of the Phase I and Phase II geophysical surveys are presented in Appendix 
C.  The results are discussed in Sections 5.1.1 and 5.1.2. 
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5 SUBSURFACE CONDITIONS 
 
5.1 Subsurface Conditions 
 
Subsurface conditions encountered in the exploratory borings are summarized in Table 
5-1 and discussed in the following sections. 
 
Table 5-1 - Summary of Subsurface conditions at selected boring locations 

Boring 
No. 

Station 
No. 

Elevation 
of Boring 

Maximum 
Depth of 

Boring (ft bgs) 

Embankment 
Levee Fill 

Termination 
Elevation 

Bedrock 
Elevation 

100 Year 
Water 

Surface 
Elevation 

B-1 362+49 4959 7 N/A 4954 4962 

B-2 362+35 4970 17.3 4960 4960 4962 

B-3 362+19 4962 14.5 N/A 4954 4962 

B-4 332+00 4950 2 N/A 4949 4951 

B-5 332+58 4960 12 4951 4951 4950 

B-6 332+69 4950 2 N/A 4948.2 4950 

B-7 295+94 4926 14 4915 4912 4920 

B-8 285+50 4912 4 N/A 4911 4916 

B-9 285+97 4922 21 4910.5 4902 4916 

B-10 284+82 4911 14 N/A 4908 4916 

B-11 275+02 4925 20.1 4910 4905 4914 

B-12 253+57 4897 15 N/A 4884 4908 

B-13 253+74 4921 30.5 4905 Not 
Encountered1 4908 

B-14 253+72 4892 13 N/A 4882 4908 

B-15 220+23 4908 2.5 N/A 4906.8 4902 

B-16 207+00 4882 2 N/A 4880.8 4892 

B-17 208+62 4905 25.3 4889 4881 4892 

B-18 207+08 4891 14 N/A 4881 4892 

B-20 172+38 4867 6.5 N/A 4863 4874 

B-21 172+54 4888 30.1 4869 4858 4874 
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Boring 
No. 

Station 
No. 

Elevation 
of Boring 

Maximum 
Depth of 

Boring (ft bgs) 

Embankment 
Levee Fill 

Termination 
Elevation 

100 Year 
Bedrock Water 
Elevation Surface 

Elevation 
B-22 172+68 4865 17.5 N/A 4857.8 4870 

B-23 372+20 4962 20 N/A 4945.5 4964 

B-24 347+00 4956 15 N/A Not 
Encountered1 4957 

B-25 318+00 4943 12.3 N/A 4941.5 4940 

B-26 244+00 4903 11 N/A 4901 4908 

SB-1 209+80 4888 27.5 4864 4861.5 4894 

SB-2 244+90 4920 25 N/A 4901.5 4908 

SB-3 261+47 4922 25 N/A 4906 4911 

SB-4 356+20 4957 12.5 N/A 4952 4966 

SB-5 358+64 4969 35 4952.5 4952.5 4960 

SB-6 357+80 4969 35 4956.5 4948.5 4959 

SB-7 360+13 4959 15 N/A 4952.5 4960 

Notes: 
 Not Encountered1 Boring terminated in soil, no bedrock encountered. 
 N/A   Not Available – no embankment fill encountered in test 
 
The 100 Year Water Surface Elevation data was obtained from the H&H report by J.E. 
Fuller Hydrology and Geomorphology, Inc., “Data collection and Levee Categorization 
Report for the Ruby Wash Diversion Levee”, Winslow, Arizona, Pages 2-6 to 2-8 100 
year water surface elevation plotted as a contour against the levee topography. 
 
5.1.1 Levee Fill 
 
Levee embankment fill materials were encountered in borings B-2, B-5, B-7, B-9, B-11, 
B-13, B-17, B-21, SB-1 through SB-4, SB-5 and SB-6, which were located along the 
crest of the existing levee.  In general, the thickness of the levee fill was observed to 
range from 8 to 17 feet below existing grade of the levee crown.  This is consistent with 
information presented on the As-Built plans. 
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As discussed in Section 2.2, the levee was to be constructed with an internal core 
approximately 10 feet in width extending up from the levee foundation to a certain 
distance (3 to 5 feet) below the crown of the levee (see Plate 2).  The material for this 
core is referred to in the specifications as “Zone I” material.  According to the project 
specifications, the Zone I material is to consist of a maximum of 70% passing the No. 4 
sieve with no pieces larger than 9-inches (Appendix F).  The Zone I core is capped and 
protected by coarser grained Zone II material.  The outer Zone II materials were allowed 
to vary from soil to rock fill, with coarser (rock) materials placed towards the outer 
slopes.  Each of the hollow stem auger borings performed under the Phase I study were 
drilled through the approximate center of the levee crown and should have encountered 
both Zone I and Zone II materials.  However, Zone I and Zone II materials were 
generally indistinguishable using this drilling method because of the granular nature of 
the levee fill and contamination of the drill cuttings with depth caused by the rotation of 
the auger and subsequent mixing of the soil.  As part of the Phase II field study, we 
performed additional borings through the levee crown using the sonic drilling method. 
This provided more representative bulk samples of the levee fill for testing.  Levee 
zonation is discussed further in Section 5.2.1. 
 
The levee fill materials were noticeably finer grained from approximately Station 381+30 
to 335+00.  According to the As-Built plans (Appendix D), the previously existing 1944 
levee was to be removed for the construction of RWDL.  The 1944 levee material was 
probably re-used in the construction of the new RWDL.  This finer grained zone is 
probably the result of the old levee materials being incorporated into the new RWDL. 
 
During the Phase I drilling, Standard Penetration Tests (SPTs) were performed 
approximately every 2 feet within the borings that penetrated levee fill materials.  Gravel 
and cobbles encountered in the levee fill affected the SPT results and resulted in high 
SPT blow counts.  Consequently, the SPT blow counts within the gravel or cobble 
materials should not be relied upon as estimates of soil strength.  Soils encountered in 
Borings B-2 and B-21 contains less gravel.  Accordingly, SPT data from these borings 
are representative of the soil matrix.  Based on the SPT results from B-2 and B-21, 
levee fill material has uncorrected SPT blow counts greater than 20 and can be 
characterized as dense.  SPTs were not performed under the Phase II field study.  
Sonic drill rigs are not tooled to perform this test efficiently. 
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Phase I seismic lines S2, S4 and S5 and Phase II seismic No. line 2 were performed on 
the levee crown.  These lines are presented in plan view on plates 3, 5, 6 and 7.  In 
general, geophysical surveys corroborate data obtained from the borings and 
information presented on the As-Built plans.  The thickness of the levee fill, estimated 
from the seismic lines is consistent with interpretation from the boring logs.  However, 
some minor variations do occur between levee fill depths provided on the boring logs 
and those interpreted by the seismic models.  These variations are attributed to the 
general difficulty discerning levee fill materials from native soils using both the hollow 
stem auger and geophysical seismic test methods. 
 
According to the Phase I 2D seismic profiles shown in Appendix C, the levee fill soils 
have seismic shear wave velocities (Vs) ranging from 700 to 1,000 feet per second 
(ft/s).  Using generally accepted correlations as provided in International Building Code 
(IBC), Table 1613.5.2, the shear wave velocities are within the expected ranges for a 
stiff soil profile.  According to the Phase II geophysical P-wave (Vp) tomography study, 
the levee fill materials appeared to be well compacted based upon the similarities 
between the velocities observed in the native materials and the levee fill.  No areas of 
low shear wave velocities, anomalies or voids within the levee fill were detected in the 
geophysical surveys. 
 
5.1.2 Levee Soil Foundation 
 
Levee foundation and native soils were explored with eight hollow stem auger borings 
and five sonic borings advanced from the levee crown.  Similarly, 17 hollow stem auger 
borings and two sonic borings were drilled at the landside and/or riverside levee toes.  
In addition, geophysical surveys were conducted at the riverside levee toe at 
approximate station numbers 208+00, 253+00 and 362+00. 
 
In general, RWDL foundation model includes two native soil groups.  These groups 
consisted of soils derived from two distinct geologic processes.  The most commonly 
encountered native soils generally consisted of sandy lean clays (CL), sandy silts (ML), 
clayey silty-sands (SM-SC), and clayey sands (SC) and appear to be derived from the 
in-situ weathering of the Moenkopi bedrock.  These residual soils were encountered 
within most boring locations and ranged in thickness from 2 feet to 10 feet.  The residual 
soils were of low to medium plasticity, moderately firm to very firm consistency and dry.  
These native soils had a strong reaction to a dilute hydrochloric acid (HCL) solution, 
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which indicates the presence of calcium carbonate.  The calcium carbonates within 
these native soils were probably derived from the gradual weathering of the bedrock 
material since hand samples of the bedrock also exhibited reaction to HCL.  No 
cementation of the surficial native soils was observed.  However, the native soils 
gradually grade into harder bedrock with increasing depth. 
 
The second and less common native soil group was only encountered within borings 
performed over areas where washes appear to intercept the levee alignment.  These 
soils were transported to their current locations within the washes by the direct action of 
water.  This soil group is commonly referred to as alluvium.  The alluvial soils generally 
consisted of silty sands (SM), silty gravels (GM), clayey gravels (GC) and poorly graded 
gravels with silt and clay (GM-GC).  The thickness of the alluvial soils ranged from 2 to 
10 feet.  The alluvial soils were encountered at borings B-6, B-8, B-12 through B-14, 
B-16 through B-18, B-20, B-24, and SB-1.  The alluvial soils were generally non-plastic 
to low plasticity, medium to very dense and contained high percentages of fine sands 
and gravels.  Gravelly soils were encountered in borings advanced in areas that were in 
close proximity to washes and channels.  The gravels were encountered in borings B-
13, B-17, B-18 and B-24.  With the exception of B-24, each of the borings were located 
in areas where washes appear to intersect the levee.  B-24 encountered a gravelly soil 
yet the boring is not located next to an obvious wash or channel.  The washes located 
approximately at Stations 208+00 and 254+00 both encountered a thickness of 
approximately 5 feet of gravelly alluvial soils. 
 
Shear wave velocities within the native soils ranged from 1,700 to 2,200 f/s.  These 
velocities correlate with IBC Table 1613.5.2 for a very dense soil and soft rock category.  
In general, the velocities of the native soils increased with depth.  This increase in 
velocity may be attributed to an increase in cementation of the native soils with depth as 
the native soils transition into unweathered sandstone bedrock. 
 
Phase I seismic line S5 is located within the Ice House Wash area approximately 
between levee Station 356+00 and 378+00.  The Phase I geophysical study indicated a 
zone of lower shear wave velocity extending underneath the levee.  This zone may be 
interpreted as a buried stream channel or lateral change in cementation within the 
sandstone.  The line did not extend far enough to estimate the width of this feature.  
Consequently, as part of the Phase II study a seismic Vp tomography line was 
performed in this area.  This method provided a better resolution then the ReMi seismic 
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as performed under Phase I.  The results of the Vp tomography seismic refraction did 
not indicate as an extreme velocity drop as the Remi.  However, smaller buried 
drainages were interpreted in the Vp tomography profiles.  These drainage areas 
appear to be dense based upon the seismic velocities.  Sonic borings in these areas did 
not encounter loose or highly fractured rock.  However, in boring SB-4 the Moenkopi 
was notably friable and thinly laminated.  The low shear wave zone as described in 
seismic line S5 is probably the results of the thinly laminated and friable nature of the 
Moenkopi Formation in this area. 
 
5.1.3 Moenkopi Formation 
 
The Moenkopi Formation (bedrock) was encountered at each of the borings except 
B-13 and B-24, The Moenkopi formation is composed of stratified layers of sandstone, 
claystone and siltstone bedrock.  The bedrock was encountered at depths ranging from 
1 to 28 feet bgs.  Outcrops of Moenkopi were observed at the surface throughout the 
project site.  The uppermost section of the Moenkopi formation weathers into thin 
remnant cover of sands with variable amounts of silt, clay and gravel as described in 
Section 5.1.2. 
 
Based on the information obtained from the recovered rock cores, the sandstone is red-
brown and fine grained.  The discontinuities observed within the sandstone were 
intensely to moderately fractured, thinly to moderately bedded, low in toughness and 
slightly rough to rough.  The discontinuity aperture separations are open to open very 
wide (0.1 to greater than 0.4 inch) or (2.5 to 10 mm).  The discontinuity spacing’s are 
tight to wide. 
 
In the claystone, the discontinuities are intensely to moderately fractured, very thinly to 
thinly bedded and slightly rough.  The discontinuity aperture separations are moderately 
open to open (0.1 to greater than 0.4 inch) or (2.5 to 10 mm).  The discontinuity 
spacings are tight to wide.  The rock quality estimated by the Rock Quality Designation 
(RQD) ranged from 0% to 84%.  A typical core run was 5 feet.  Core Photographs are 
presented in Appendix H, photos 1 through 8. 
 
Velocity inversions were detected by the geophysical survey along the seismic lines S1 
and S3.  A velocity inversion is defined as a material having a higher shear wave 
velocity, overlaying a material of lower velocity.  The Moenkopi Formation typically 
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consists of interbedded sandstone, claystone and mudstone layers, such as observed in 
rock outcroppings throughout the site and in recovered core samples.  Each of these 
types of bedrock lithologies exhibit varying degrees of cementation.  Thus, localized 
shear wave velocity inversions within the Moenkopi Formation as a whole, would be 
expected as a result of these varying degrees of cementation. 
 
Phase I ReMi seismic line S5 encountered an anomalous area within the bedrock.  This 
anomaly consisted of material with a high shear wave velocity (7,500 f/s) next to an 
area of lower shear wave velocity (3,500 f/s).  This anomaly can be attributed to some 
lateral change in the degree of cementation with in the bedrock material or presence of 
an ancient buried stream channel within the Moenkopi.  This area was further evaluated 
with the higher resolution Vp tomography seismic refraction technique.  The anomaly 
was not as pronounced as seen in the phase I ReMi method.  However, the higher 
resolution method did detect areas of smaller laterally discontinuous areas that may be 
interpreted as buried stream channels or a lateral change in the degree of cementation 
within the Moenkopi sandstone. 
 
5.2 Engineering Properties 
 
5.2.1 Levee Fill 
 
Based on representative SPT tests and the results of the geophysical study the levee 
embankment materials appear to be well compacted and predominantly homogenous 
with little horizontal or lateral variability in the composition and properties of the soils.  
Laboratory testing performed by Kleinfelder indicated an average moisture content of 
one to three percent and fines content range from 15 to 30 percent.  Liquid Limit (LL) 
values ranged from 0 to 29, and the plasticity index (PI) ranged from non-plastic (NP) to 
12 as shown below in Figures 1 and 2, respectively.  The density of the soil in place by 
the drive cylinder method as estimated by ASTM S 2937 ranged from 112.4 to 113.6 
pounds per cubic foot (pcf).  The soils were classified as silty and clayey gravels 
(GM,GC) and low to medium plasticity clayey sands (SC) with cobbles. 
 
As discussed in Section 5.1.1, Zone I and Zone II materials were hard to distinguish.  
Twenty-two samples of what would, according to the as-built plans, be zone I materials 
were tested in the laboratory.  According to project specifications, the Zone I materials 
required 70% of the sample to be passing the No. 4 screen (Appendix F, Section 3, 
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Page B-2).  Section 3 in the project specifications states: “Zone I materials shall have 
at least 70% of the material passing the standard No. 4 sieve and no stone greater 
than 9 inches.”  Out of the Twenty-two samples tested, six met the stated 
specifications for passing the No. 4 sieve as shown in Figure 4, which shows that six of 
the samples were larger than the No. 4 sieve.  This is shown in the figures below. The 
distribution of the materials finer than the No. 200 sieve are shown in Figure 3 below.  
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 1.  Histogram of Levee Fill PI Values  
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Figure 2  Histogram of Levee Fill LL Values 
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Figure 3.  Histogram of % Finer than #200 Sieve Values in Levee Fil 
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Figure 4.  Histogram of Percent Larger than #4 Sieve Values in Levee 
 
 
Laboratory test results for the Levee Zone I fill materials are summarized in Table 5-2. 
Detailed test results are presented in Appendix B. 



 

Table 5-2 - Summary of Laboratory Test Results of Zone I Levee Fill 
 

     Sieve Sizes: Percent Passing by Weight  
     GRAVEL SAND  

     
Coarse 

& 
Fine 

Coarse Medium Fine
FINES SILT CLAY

 

Boring 
Num. 

 
Sample 
Depth 

Interval 
(feet) 

USCS LL PI 1/4" #4 #8 #30 #100 #200 0.005 
mm 

0.001 
mm 

Nat. 
Dry 
Den. 
(pcf) 

B-2 5 ML 29 12 97 96 94 89 82 74.8 – – 112.4
B-7 5 GM 23 8 62 58 48 33 27 23.5 14.1 9.4 – 
B-9 7 GM 24 7 49 46 40 31 27 24.3 14.8 9.5 113.6

B-11 11 GM 23 6 70 65 56 43 36 30.2 19.3 10.9 113.4
B-13 9 GM - NP 47 45 40 34 31 16.9 – – – 
B-21 10 SM 18 NP 71 69 67 59 53 31.4 – – 118.6
SB-1 5-7.5 GM - NP 53 51 46 42 37 19 6.8 4.2  

SB-1 10-
12.5 

GC-
GM 20 4 56 53 49 41 37 30 9.5 5.7  

SB-1 15-
17.5 

GC-
GM 19 5 61 58 52 44 40 29 8.9 4.6  

SB-1 17.5-
20 SM 17 3 73 71 67 61 58 33 10.6 4.4  

SB-1 21-
22.5 

GC-
GM 16 7 51 48 43 37 34 21 7.5 3.2  

SB-1 22.5-
24 GM 18 3 65 62 58 53 49 37 14.4 6.8  

SB-2 5-7.5 GM 18 2 59 57 53 46 43 29 8.4 3.1  

SB-2 10-
12.5 GM 19 3 63 59 56 49 47 32 9.7 3.6  

SB-2 15-
17.5 

SC-
SM 21 5 78 77 72 60 55 46 15.5 9.8  

SB-3 5-7.5 GC 19 3 63 60 52 41 35 27 8.2 4.8  

SB-3 10-
12.5 

GC-
GM 20 4 52 49 44 37 34 26 7.5 3.4  

SB-3 12.5-
15 

GC-
GM 22 4 46 43 38 32 31 27 6.9 3.2  

SB-5 5-7.5 GC 25 9 56 53 50 45 41 36 14.5 9.0  
SB-5 7.5-10 CL 26 10 99 99 98 94 86 71 33.9 20.5  

SB-5 10-
12.5 CL 25 8 99 99 98 97 93 84 27.7 16.2  

SB-5 12.5-
15 CL 24 9 100 100 100 98 89 71 30.8 20.3  
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5.2.2 Levee Soil Foundation 
 
Laboratory testing of the existing native soils within the upper five feet indicated 
plasticity indices ranging from non-plastic to 13 and the fines (portion passing the #200 
sieve) contents ranging from 23 to 88 percent.  The distribution of the plasticity indices 
and percent passing the No. 200 sieve is shown in Figures 5 and 6 below.  The 
moisture content ranged from 1.3 to 4.1 percent.  The density of the in place soil, as 
estimated by ASTM D 2937, ranged from 85.4 to 124.8 pcf.  The distribution of the 
amount of gravel retained on the No. 4 sieve is shown in Figure 7 below.  
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Figure 5.  Histogram of Levee Fill PI Values 
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Figure 7.  Histogram of Percent Larger than #4 Sieve Values in Levee Native Soils 
 
 
Laboratory test results for native soils are presented in Table 5-3 below.  Detailed test 
results are presented in Appendix B. 
 



 

Table 5-3 - Summary of Laboratory Test Results of Levee Foundation Soil 
 

     Sieve Sizes: Percent Passing by Weight  
     GRAVEL SAND  

     Coarse &
Fine Coarse Medium  Fine 

FINES SILT CLAY
 

Boring 
Num. 

 
Sample 
Depth 
(feet) 

USCS LL PI 1/4" #4 #8 #10 #30 #40 #100 #200 0.005 
mm 

0.001 
mm 

Nat. 
Dry 
Den. 
(pcf) 

B-1  1 ML 29 13 100 100 100 100 100 100 97 87.7 – – – 
B-3  1 ML 27 11 100 100 100 100 100 99 98 87.5 19.6 10.5 100.3
B-6  1 SM 20 1 100 100 99 99 91 86 60 35.9 – – 101.3

B-12  6 ML 21 6 98 97 94 94 88 86 78 61.7 – – – 
B-12 11 ML 25 6 100 99 99 98 95 94 91 75.6 – – – 
B-17 19 GM – NP 42 40 37 36 34 33 32 20.4 – – 124.8
B-18  1 GM 22 7 52 50 46 45 41 40 36 26.5 – – – 
B-20  1 SM 17 1 81 79 72 70 48 45 35 22.9 – – 104.9
B-21  21 ML 21 6 99 98 97 96 84 82 74 51.3 – – – 
B-23 6 ML 25 5 100 100 100 100 100 99 81 64.7 – – – 
*B-23 11 SM – NP 96 95 88 86 67 61 45 37.9 – – 85.4 
SB-1 24-25.5 SM 17 2 77 76 73 72 65 63 57 42 15.4 9.0  
SB-1 25.5-26 SM 18 NP 80 78 72 71 55 51 42 29 9.9 5.1  
SB-5 17.5-20 CL 31 12 74 74 72 72 68 67 63 60 23.4 5.3  

 
*Note – sample B-23 may represent collapsible soils based upon the low natural dry 
density obtained during laboratory testing and may be prone to high volume changes if 
subjected to increased moisture conditions. 
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6 GEOTECHNICAL EVALUATION 
 
6.1 General 
 
Formal published guidelines for levee certification analysis in Arizona have not been 
established.  Therefore, we have used the following USACE engineering manuals (EM) 
and engineering technical letters (ETL) for guidance in establishing out methodology for 
evaluation. 

 EM 1110-2-1913 “Design and Construction of Levees,“ dated April 30, 2000 

 ETL 1110-2-569 “Design Guidance for Levee Underseepage,” dated May 1, 2005 
 
Based on our review of the published engineering guidance documents, the 
geotechnical evaluation of the existing levee should include the following analyses: 1) 
Under and through seepage, 2) Slope stability, and 3) Settlement.  The evaluation 
should be performed on levee reaches (i.e., domains), which have similar foundation 
conditions, embankment height and fill materials.  For the purpose of our evaluation, we 
have divided the Ruby Wash Diversion Levee (RWDL) into two domains with different 
cross sections: 1) Levee Fill/Native Materials/Bedrock and 2) Levee Fill/Alluvial 
Materials/Bedrock. 

 
It should be noted that other levee failure modes other than those outlined in the 
engineering guidance documents also may occur along the levee alignment.  One such 
failure mode would be internal erosion resulting from flow of the retained water through 
cracks that have developed from drying of the soil, animal burrows or differential 
settlement induced by collapsible foundation soils.  In addition, internal erosion can also 
occur along pipe penetrations.  Thus, we have developed a third domain to cover the 
levee pipe crossing. 
 
6.2 Site Characterization – Engineering and Geologic Domains 
 
We divided the RWDL site into three typical reaches or “domains” to systematically 
assess various potential failure modes, evaluate existing subsurface information, and 
select appropriate cross-sections for slope stability and seepage and settlement 
analyses.  The levee composition was estimated from our subsurface exploration and 
also estimated from the material properties outlined in the design documentation. 
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6.2.1 Levee Domains 
 
Domain 1 (Levee Fill/Native Materials/Bedrock Profile): This prevalent geologic 
domain is relatively continuous along the majority of the levee alignment, and consists 
of levee fill materials overlying minor amounts of weathered bedrock/soil underlain by 
Moenkopi bedrock at depth.  The cross sections of the domain evaluated is exhibited at 
Station 172+53.75 (Appendix J, Page J1) and Station 253+73.79 (Appendix J, Page 
J7). 
 
Domain 2 (Levee Fill/Native Materials/Bedrock Profile): This domain is localized 
along the levee alignment and is characterized by levee fill overlying alluvium, underlain 
by Moenkopi bedrock at depth.  The alluvial materials typically consist of silty gravel and 
sand associated with ore-levee Holocene deposition within intermittent drainages 
(washes) in proximity to the existing levee alignment.  Alluvial materials typically have 
higher hydraulic conductivity values, thus making levees underlain by these materials 
more prone to failure modes such as seepage or piping.  Two of these Domain 2 
reaches are located near levee Station 208+60 (Appendix J, Page J4).  A more 
extensive Domain 2 area underlying the levee fill materials is located generally from 
Station 356+00 to 378+00, see typical cross section at Station 358+64.50 (Appendix J, 
Page J10).  The alluvium in this zone is not associated with a single wash but a series 
of smaller washes that intersect the levee from the south.  This series of wash channels 
is named Ice House Wash. 
 
Domain 3 (Special Feature-Pipeline Crossing):  This domain is located at Station 
286+40 and includes the 36-inch diameter reinforced concrete culvert penetrating the 
levee.  Embankment penetrations present a unique set of concerns and should be 
evaluated separately. 
 
6.3 Seepage 
 
To estimate the seepage through and under the levee, seepage analyses were 
performed at each of the four levee sections.  The water surface elevation (WSE) for 
Ruby Wash Diversion Levee was developed by JE Fuller's H&H report (2008).  We 
understand the WSE is based in 100-year hydrology combined with assumptions 
regarding upstream levee performance.  The water surfaces used in our analyses are 
referred to as the 100-year WSE and were taken from JE Fuller’s H&H report. 
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6.3.1 Evaluation Criteria 
 
The evaluation criteria for steady state seepage recommends: 

 no seepage should exit on the face of the levee; and,  

 exit gradients should be less than the allowable gradient values outlined in Table 
6-1 under steady state conditions at the toe of the levee or exit face. 

 
Table 6-1 – Allowable Exit Gradients 

Location Allowable 
Exit1 

Landside toe of levee <0.5 
Bottom of empty ditch at landside toe <0.5 
Bottom of empty ditch 150 feet landward of toe <0.8 
Ditch between landside toe and 150 feet landward of 
Interpolate <0.5 to <0.8 

1 Reference: Ditches Landside of Levee (EM 1110-2-1913 Section 8-16), Criteria presented in this table are 
based on an assumed minimum saturated unit weight soil of 110 pcf. 

 
6.3.2 Analysis Details  
 
To evaluate the potential for seepage under and through the levee, seepage analyses 
were performed on the typical cross section developed for each of the domains.  Seepage 
analyses were conducted using "SEEP/W," which is a finite element computer program 
used to model two-dimensional groundwater flow.  Exit gradients and the phreatic surface 
during steady state conditions were established for each of the typical cross sections. 
Generalized profiles and material parameters used in our analyses are presented in 
Appendix J.  The selection of these values was based on previous experience and test 
data, in addition to the field work and laboratory tests conducted for this exploration. 
 
Based upon the original USACE design memorandum and hydrological analysis 
provided to us by J.E. Fuller for the Ruby Wash Diversion Levee, we understand the 
100-year water surface will have a relatively short duration against the levee.  Since the 
levee was not designed or anticipated to retain water for long periods of time, we have 
performed a transient analysis assuming a 20 day period that the water will be retained 
by the levee (to estimate the phreatic surface for use in our stability analysis) and a 
steady state conditions for evaluation of seepage gradient to meet the USACE current 
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engineering guidelines.  We have assumed that the initial groundwater table is at the 
bedrock surface in our analyses. 
 
There is currently no USACE analysis certification criteria for flash-flooding loading 
conditions, and no analysis guidelines or minimum required slope stability FOS have 
been established in the current published documents.  Additionally, hydrograph data is 
not available for such conditions.  As further certification criteria is developed, it is our 
opinion that further analysis of a Flash Flood Case for levees located in such areas 
should be performed. 
 
6.3.3 Results 
 
As indicated by our transient analysis during the assumed 20-day inundation period, the 
phreatic surface within the levee is much lower than shown for our steady state condition 
(i.e., long term inundation). The phreatic surfaces computed from each of the time steps 
(20 day and long term) were used in our transient and steady state stability analyses, 
respectively. 
 
To meet the USACE guidance documentation, we computed exit gradient at the toe of the 
levee or berm under steady state conditions.  The scenarios analyzed and results are 
presented in Table 6-2.  Plates showing the seepage profile, total head contours and exit 
gradients for each of the analyses are presented in Appendix J.   
 

Table 6-2  Summary of Seepage Analyses Results 

Analysis Condition Required Exit 
Gradient1 

Calc. Exit 
Gradient 

Station 172+53.75 < 0.5 0.29 
Station 208+61.92 < 0.5 0.19 
Station 253+73.79 < 0.5 0.39 
Station 358+64.50  < 0.5 0.02 

   1US Corps of Engineers, EM 1110-2-1913 

 

As indicated by the results of our seepage analyses provided in Table 6-3, the exit 
gradient at the landward toe is considered to be acceptable for each case, as the exit 
gradient estimated by the model is below that dictated by the acceptance criteria. 
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6.4 Stability Analysis 
 
To estimate the stability of the levee slopes for the different conditions for which it will 
be exposed, slope stability analyses were performed at each of the four levee sections. 
 
6.4.1 Evaluation Criteria 
 
The USACE Manual EM 1110-2-1913 identifies four types (Cases) of loading conditions 
for slope stability analyses: 1) End of Construction, 2) Steady State Seepage-Long 
Term, 3) Rapid Drawdown and 4) Seismic.  A brief description of each case is outlined 
below.  It should be noted that there are no formal published guidelines for seismic 
evaluation of levees as well as specific design criteria in terms of liquefaction and/or 
acceptable/unacceptable levee deformations under seismic conditions. 
 

Case I: End of Construction.  This case addresses slope stability at the end of 
construction of the levee.  Since the RWDL was constructed more than 30 years ago; 
the End of Construction case is not applicable. 

 
Case II: Steady Seepage from Full Flood Stage.  This condition occurs when the water 
remains at or near flood stage elevations, fully saturating the embankment soils 
resulting in a steady state seepage condition.   
 
Case III: Rapid Drawdown.  This case represents a condition where the flood stage fully 
saturates a majority of the levee embankment, and then the water lowers faster than the 
soil can drain. 
 
Case IV: Earthquake (Seismic).  This case represents a condition were seismic activity 
results in deformation of the embankment.  We understand USACE is developing a 
guidance document on this topic; however, no specific information is available at this 
time.  Thus, no seismic slope stability analyses were performed as part of this study. 
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6.4.2 Analysis Details 
 
Slope stability calculations were performed using the computer program "SLOPE/W", 
which calculates the factor of safety of a slope using the Spencer limit equilibrium 
method of slices.  The factor of safety (FOS), by definition, is equal to the ratio of shear 
strength of the soil divided by the shear stress required for equilibrium (Duncan and 
Wright 2005).  The minimum slope stability FOS against failure as outlined by the 
USACE documentation for each of the cases is summarized in Table 6-3.   
 

Table 6-3 – Minimum Factor of Safety for Existing Levee Slope Stability 

Case Minimum Factor of Safety1 

Case I – End of Construction NA 
Case II – Rapid Drawdown 1.0 (short duration flood) 
Case III – Steady State Seepage 1.4 

Case IV – Seismic Check for Liquefaction 
(see seismic evaluation) 

1 Factor for Safety criteria is referenced from EM 1110-2-1913 
 
Case II-Steady State:  We have estimated that it would take long term inundation to 
obtain steady state conditions.  Since the levee was not originally designed for steady 
state conditions and will probably never become saturated with steady state seepage, 
we have also performed stability analysis at a transient condition after a relatively short 
term (20 day) inundation period.   The phreatic surface developed during our seepage 
analysis at transient and steady state conditions through the levee was used in our 
stability analyses. The steady state stability analysis was only performed to show the 
FOS for a completely saturated condition and to meet the USACE guideline criteria.  In 
our professional opinion, the FOSs estimated for the levee sections during transient (20 
day inundation period) slope stability analysis are more representative of conditions that 
will occur during a flood event.  
 
Case III-Rapid Drawdown: The USACE recommends a 3-stage type of analyses, but for 
our analyses, we chose to use a simplified analysis that uses the Simple Total Strength 
Method.  In this analysis, rapid drawdown is assumed to occur instantaneously.  With 
this assumption, the stabilizing force due to the upstream water is immediately reduced 
but the piezometric surface follows the upstream slope surface and remains unchanged 
from steady state within the levee embankment.  In general, the simple total strength 
approach represents the worst case scenario since rapid drawdown seldom occurs 
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instantaneously and pore water pressures in the upstream material tends to dissipate 
during the drawdown process.  To perform this type of analyses requires approximating 
the saturated total stress parameters for zones of the embankment and foundation that 
are assumed to be saturated at the time of drawdown. Appendix J has details on the 
cross-sections analyzed and the assumptions used to model various zones in the cross-
sections. 
 
Shear Strength Assumptions: The shear strength parameters used in our analyses were 
developed from the original design memorandum, experience with local materials and 
published literature data.  The effective shear strength of the clayey sand and gravel fill 
material above the phreatic surface were based on the findings presented in the U.S. 
Bureau of Reclamation, Earth Laboratory Report EM-577, Triaxial Shear Characteristics 
of Clayey Gravel Soils.  This report include effective shear strength parameters for 
clayey and sandy gravels with varying percentage of gravel and a clay having a 
Plasticity Index of 28 compacted to 95 percent of standard Proctor effort.  Effective 
shear strength parameters for the fill materials below the phreatic surfaces were 
assume to have ¼ the effective cohesion and the same effective friction angle.  
Foundation material effective shear strength parameters were taken as the original 
design values.   
 
For the simplified total stress rapid drawdown analysis, we have assumed that the 
saturated levee embankment materials would have a total stress cohesion would be 
about 1 ½ times the effective and that the total stress friction angle would be about ½ of 
the effective friction angle.  These values are based on review of triaxial data on similar 
clay materials. For use in our analysis we have assumed the shear strengths outlined in 
Table 6-4.  The subsurface profile and material properties used in our analyses of each 
cross section are outlined in Appendix J. 
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Table 6-4 – Assumed Shear Strength Parameters 

  Effective-Moist Effective -Saturated Total -Saturated 

Material 
Unit Weight 
moist/saturated 

(pcf) 

Cohesion
(psf) 

Friction 
Angle 

(degrees) 

Cohesion 
(psf) 

Friction 
Angle 

(degrees) 
Cohesion 

(psf) 
Friction 
Angle 

(degrees) 

Fill: GM 125/132 400 34 100 34 600 17 
Fill: GC 125/132 400 32 100 32 600 16 
Fill: SC/CL 120/128 200 28 50 30 300 15 
CL/SC 105/120 0 28 0 28   
SM 105/120 0 30 0 30   
Bedrock 135/140 0 38 0 38   

 
6.4.3 Results 
 
The computed Factors of Safety for the scenarios analyzed are presented in Table 6-5.  
Plates showing the slope profile and theoretical failure surface for each of the analyses are 
presented in Appendix J.  As indicated by the results of our stability analyses provided in 
Table 6-5, the FOS against overall slope failure is above the minimum stated in the 
acceptance criteria with the exception of the steady state condition at station 253+73.70 
which is discussed in Section 7.1. 
 

Table 6-5.  Summary of Stability Analyses Results 

Analysis Condition Required FOS1 Calc. FOS Slope 
    
Station 172+53.75    
End-of-Construction NA NA  
Steady State (Long Term) 
Transient (20 day)  
(Water Elev. 4873 feet) 

1.4 
-- 

1.5 
1.9 

Downstream 

Rapid Drawdown 1.0 (short term) 1.4 Upstream 
Station 208+61.92    
End-of-Construction NA NA  
Steady State (Long Term) 
Transient (20 day)  
(Water Elev. 4890 feet) 

1.4 
-- 

2.0 
2.6 

Downstream 

Rapid Drawdown 1.0 (short term) 1.5 Upstream 
Station 253+73.79    
End-of-Construction NA NA  
Steady State (Long Term) 
Transient (20 day)  

1.4 
-- 

1.1 
1.5 

Downstream 
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Required FOS1 Analysis Condition Calc. FOS Slope 
(Water Elev. 4906 feet) 
Rapid Drawdown 1.0 (short term) 1.4 Upstream 
Station 358+64.50     
End-of-Construction NA NA  
Steady State (Long Term) 
Transient (20 day)  
(Water Elev. 4960 feet) 

1.4 
-- 

2.1 
NA2 

Downstream 

Rapid Drawdown 1.0 (short term) 1.8 Upstream 
 1US Corps of Engineers, EM 1110-2-1913 

2Phreatic surface at steady state does not saturate levee embankment and FOS>2, 
transient analysis not performed. 

 
6.5 Verification of Slope Stability Results Using an Alternative Method 
 
Based on the USACE Engineering Manual EM 1110-2-1902, Slope Stability, dated 
October 31, 2003, requirements include that slope stability analyses be verified by 
another method.  UTEXAS4 was chosen as the computer program to perform additional 
slope stability analyses on a select cross-section to compare the results with the 
SLOPE/W program. 
 
Two slope stability cases including the Steady State Case (Static Stability Analysis) and 
the Rapid Drawdown Case were performed on the cross-section at levee Station 
253+73.79 using the UTEXAS4 program.  The soil material properties in Appendix J 
and the levee water surface elevations in from JE Fullers H&H report were used in this 
analysis.  Our slope stability analysis results from the UTEXAS4 program showed 
similar critical slip surfaces and corresponding FOSs.  These results are presented in 
Appendix J, pages J13 and J14. For the Steady State Case, the FOS for the critical slip 
surfaces were 1.218 and 1.274 obtained from SLOPE/W and UTEXAS4, respectively. 
For the Rapid Drawdown Case, the FOS for the critical slip surfaces were 1.381 and 
1.413 obtained from SLOPE/W and UTEXAS4, respectively. In general, the UTEXAS4 
slope stability analysis results were consistent with the results developed from 
SLOPE/W. 
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6.6 Settlement Analysis 
 
The levee embankments have been in place for over 30 years; thus, we anticipate that 
the majority of the levee embankment settlement due to consolidation of the foundation 
materials under the weight of the embankment has occurred at the time of this study.  
Additional settlement of the levee embankment could be induced by wetting of 
collapsible soils during a flood event.  Typically, collapse settlement of the foundation 
would result in longitudinal and transverse cracking in areas where the subsurface 
profiles vary, such as at the transitions between domains. 
 
6.6.1  Collapsible Soils 
 
Construction of levees on very dry foundation materials of low density may result in 
settlement of the levee embankment due to wetting and collapse of these materials 
during a flood event.  Review of the original design documents indicates that no 
remedial measures were taken to remove potentially collapsible soils. 
 
We estimated the collapse potential of the on site foundation materials by estimating the 
density ratio (in-place density/estimated standard Proctor maximum dry density) and 
plotting the ratio percentage versus moisture difference from optimum moisture as 
outlined in the United States Bureau of Reclamation, Design of Small Dams textbook 
(Figure 6-34, page 236).  In addition, we performed a collapse potential test on a 
sample of silty sand (SM) with gravel obtained a depth 25 feet in Boring SB-1 (Sta. 
209+80).  The collapse potential test resulted in a volumetric compression due to 
collapse of about 6 percent under  3,000 pounds per square foot (psf) loading.  For the 
3-foot thick layer of silty sand (SM) encountered at this location, settlement on the order 
of about 2 inches could occur due to the collapse of these materials. 
 
If the collapsible foundation materials become inundated during flooding, longitudinal 
and transverse cracking could result due to settlement of the collapsible material.  The 
cracks may lead to “hydraulic fracturing” of the levee along the preferential seepage 
pathways.  Based on the subsurface data obtained during our study, it appears that a 
small percentage of the native materials have a moderately severe collapse potential.  
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Additional monitoring of the alluvial wash areas should be performed during flood 
events to identify any cracks that may occur along the levee alignment due to the 
collapsibility.  Particular attention should be given to formation of transverse cracks at 
the transition from native soils to alluvial soils at the edges of the wash areas.  If a 
transverse crack or hydraulic fracturing of the levee develops during a flood event, an 
internal erosion failure is possible. 
 
6.7 Seismic Evaluation 
 
We understand USACE is developing a guidance document on this topic; however, 

guidelines for seismic evaluation of levees have not been published as of this date.  

USACE does require that the foundation materials be evaluated for liquefaction.  As 

noted previously, the “soft rock” peak ground accelerations for the 10%/50 year and 

2%/50 year events are 0.04 and 0.11g, respectively.  These motions developed by 

USGS represent soft rock conditions, which are assumed to be representative of the 

soil/rock interface that would be encountered below a depth of approximately 5 to 20 

feet below the base of the levee. 

Liquefaction:  Since the RWDL is composed of compacted levee fill and foundation soils 
are not saturated (i.e., groundwater at 20 to 44 feet below existing grades) at present 
and are not likely to be saturated at the time of an earthquake (i.e., the probability of a 
simultaneous occurrence of an earthquake and design flood are remote and are not 
considered realistic) and the published peak ground accelerations are relatively low for 
this area; we conclude that liquefaction is not a concern with the levee evaluation. 
 
6.8 Special Feature-Pipeline Crossing (Station 286+40) 
 
This domain is located at Station 286+40 and includes the 36-inch diameter reinforced 
concrete pipe (RCP) culvert penetrating the levee (Appendix G, Photograph 3).  
According to Woodson Engineering Inc., the invert elevation of the Ruby Wash culvert 
at the north (outlet) side is approximately 4,907 feet and at the inlet is 4,908 feet.  The 
pipe crossing was evaluated for potential damage that would negatively impact the 
integrity of the levee and could ultimately lead to catastrophic failure.  During high water, 
seepage tends to concentrate along the outer surface of pipes resulting in piping of fill 
or foundation material.  The presence of a discontinuity such as the culvert can also 
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cause arching and low stress levels in portions of the embankment that are then subject 
to hydraulic fracture.  If the levee is constructed of highly erosive or dispersive soils, the 
internal erosion could result in breaching of the levee.  Based on our observations of the 
levee slopes, no significant evidence (i.e., severe rilling or junk holes), which are 
representative of dispersive soils, was noted.   
 
No as-built construction information was available at the time of this study.  In addition, 
an intrusive exploration into the backfill was not performed in order to not damage the 
existing structure.  A ground penetrating radar (GPR) survey performed at this location 
indicated that no significant voids or major subsidence are located with the upper 8 feet 
(elevation 4,922 to 4,914 feet) of fill placed over the culvert.  In addition, 2D Seismic 
Refraction Tomography was performed at the culvert location and the results of this 
survey indicate that the fill adjacent and around the pipe were placed in about the same 
manner.  No anomalies were observed in the vicinity of the culvert pipe.  It should be 
noted that the tomography survey indicates a potential filled drainage at about 25 to 50 
feet east of the culvert location and extends to about an elevation of 4,892 feet. 
 
Based on these surveys it appears that the backfill material has a similar composition to 
the levee fill and no distinct voids were detected in the near vicinity of the existing 
culvert pipe. 
 
A visual examination was performed from within the 36-inch RCP by a Kleinfelder 
Geotechnical Professional during the Phase II field study. Some of the pipe segments 
appear to have experienced some joint separation. Approximately 3 inches of joint 
separation were observed at the sixth joint in from the inlet side of the culvert, or, 
approximately 30 feet from the inlet (see plate G-4 photograph 7). Joint separation of 
approximately 3 inches was also observed from outside of the RCP at the last section of 
the outlet side (see plate G-3 photograph 5 and 6). In addition, hairline cracking was 
visually observed from within the pipe along the top of most of pipe sections (see 
Appendix G, photographs 5 through 8). No staining was observed that would suggest 
infiltration of water from backfill material around the RCP. 
 
We recommend that the noted joint separations be repaired and that regularly 
scheduled inspections be performed at the culvert location and that any changes in the 
pipe integrity and composition of the materials adjacent to culvert be evaluated and 
remedial measures implemented. 
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7 RECOMMENDATIONS AND CERTIFICATION 
 
7.1 General Conditions 
 
The existing levee was designed based on the assumption that the levee would only be 
subjected to short duration events and that steady state seepage would not occur.  The 
current USACE evaluation procedures require a stability analysis be performed at 
steady state conditions.  The results of our stability analysis at steady state conditions 
indicate that the levee at Station 253+73 does not meet the current USACE criteria.  
However, we also performed a transient analysis that is more representative for the 
conditions anticipated during flood events.  The transient analysis indicates that the 
levee section would have an adequate slope stability FOS.  Based on the very low 
probability that steady state conditions will develop from the 100-year flood event, 
Kleinfelder recommends that section be accepted based on the transient analysis. 
 
Based on sieve analyses test results it appears that the Zone I levee core materials 
were not placed in accordance with the project design specifications.  Our seepage 
analysis indicates that for the domains analyzed the difference in Zone 1 materials did 
not result in steady state exit gradient exceeding certification criteria under CFR 65.10 
for steady state seepage. 
 
Based on the anticipated short term flood conditions, long term seepage and settlement 
as shown in our results should not control the stability of the levee.  For this levee, we 
anticipate that levee instability or breaching would most likely occur from “hydraulic 
fracturing” and internal erosion resulting from flow of the retained water  through cracks 
that have developed from drying of the soil, animal burrows or differential settlement 
induced by collapsible foundation soils.  In addition, internal erosion can also occur 
along pipe penetrations.  As discussed in Section 6.7, the levee penetration at Station 
286+40 appears to have experienced some joint separation and cracking along the top 
of the pipe.  The noted joint misalignments should be repaired and this condition should 
be carefully monitored, particularly during and after storm events. 
 
The regular inspection schedule as provided in the O&M manual should be 
implemented to identify potential areas where cracking, animal burrows and other 
issues that may affect levee stability. 
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7.2 Certification 
 
Based on our evaluation and findings of this geotechnical study, it is our opinion that, 
from a geotechnical engineering standpoint, the subject levee meets the current FEMA 
requirements for levee certification outlined in 44 CFR Section 65.10 with regard to 
seepage conditions, the stability of the existing slopes, and potential for embankment 
settlement. 

93212\TEMP09R117 Page 42 of 46 July 17, 2009 
Copyright 2009 Kleinfelder 



 

8 LIMITATIONS 
 
This work was performed in a manner consistent with that level of care and skill 
ordinarily exercised by other members of Kleinfelder’s profession practicing in the same 
locality, under similar conditions and at the date the services are provided.  Our 
conclusions, opinions and recommendations are based on a limited number of 
observations and data.  It is possible that conditions could vary between or beyond the 
data evaluated.  Kleinfelder makes no other representation, guarantee or warranty, 
express or implied, regarding the services, communication (oral or written), report, 
opinion, or instrument of service provided.  
 
This report may be used only by the Client and the registered design professional in 
responsible charge and only for the purposes stated for this specific engagement within 
a reasonable time from its issuance, but in no event later than two (2) years from the 
date of the report. 
 
The scope of services was limited to 45 borings and eight geophysical lines within the 
levee alignment and it should be recognized that definition and evaluation of subsurface 
conditions are difficult.  Judgments leading to conclusions and recommendations are 
generally made with incomplete knowledge of the subsurface conditions present due to 
the limitations of data from field studies.  The conclusions of this assessment are based 
on borings drilled to a maximum depth of approximately twice the levee height, 
laboratory testing of soil plasticity, gradation, and engineering analyses. 
 
Kleinfelder offers various levels of investigative and engineering services to suit the 
varying needs of different clients.  Although risk can never be eliminated, more detailed 
and extensive studies yield more information, which may help understand and manage 
the level of risk.  Since detailed study and analysis involves greater expense, our clients 
participate in estimating levels of service, which provide information for their purposes at 
acceptable levels of risk.  The client and key members of the design team should 
discuss the issues covered in this report with Kleinfelder, so that the issues are 
understood and applied in a manner consistent with the owner’s budget, tolerance of 
risk and expectations for future performance and maintenance. 
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Recommendations contained in this report are based on our field observations and 
subsurface explorations, limited laboratory tests, and our present knowledge of the 
proposed construction.  It is possible that soil, rock or groundwater conditions could vary 
between or beyond the points explored. If soil, rock or groundwater conditions are 
encountered during construction that differ from those described herein, the client is 
responsible for ensuring that Kleinfelder is notified immediately so that we may 
reevaluate the recommendations of this report.  If the scope of the proposed 
construction, including the estimated building loads, and the design depths or locations 
of the foundations, changes from that described in this report, the conclusions and 
recommendations contained in this report are not considered valid unless the changes 
are reviewed, and the conclusions of this report are modified or approved in writing, by 
Kleinfelder. 
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1.  Lines separating strata on the logs represent approximate boundaries only.  Actual transitions may be gradual.
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GENERAL NOTES
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HQ-3 SIZE CORE BARREL
(2.4-inch I.D.)

2.  No warranty is provided as to the continuity of soil or rock conditions between individual sample locations.

4.  In general, the Unified Soil Classification designations presented on the logs were based on visual classification in the field,
modified where appropriate by visual classifications in the office, and/or laboratory gradation and index testing.

(2.4 - inch inside diameter)

NON-STANDARD PENETRATION
SPLIT SPOON SAMPLER
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LOG SYMBOLS

5.  NA = Not Analyzed

3.  Logs represent general soil or rock conditions observed at the point of exploration on the date indicated.
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FIGURE

A4

TERMINOLOGY USED TO DESCRIBE SOILS
Winslow Levees
Woodson Engineering & Surveying, Inc.
Ruby Wash Diversion Levee, Station 165+00 to 381+30
Winslow, Arizona

Date:

0 - 2

3 - 4

5 - 8

9 - 15

16 - 30

31+

N

0 - 4

5 - 8

9 - 15

16 - 30

31 - 50

51+

Very soft

soft

Moderately firm

Firm

Very firm

Hard

N Relative Firmness

3.   Terms for description of clays which are saturated or near saturation.

TERMINOLOGY USED ON THE BORING LOGS TO DESCRIBE
THE FIRMNESS, DENSITY, OR CONSISTENCY OF SOILS

Very soft

soft

Moderately stiff

Stiff

Very Stiff

Hard

Very loose

Loose

Medium dense

Dense

Very dense

0 - 4

5 - 10

11 - 30

31 - 50

51+

Relative Consistency

Relative Density

N

1.   Terms for description of partially saturated and/or cemented soils including clays, cemented
granular materials, silts and silty and clayey granular soils.

The standard penetration resistance (N) in blows per foot is obtained by the ASTM D1586
procedure using 2" O.D., 1 3/8" I.D. samplers.
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Depth:

Date:

Box No.:

June, 2009

E. Everts Project Number:

KEY

A-5

KEY TO ROCK CORE LOG
Winslow Levees
Woodson Engineering & Surveying, Inc.
Ruby Wash Diversion Levee, Station 165+00 to 381+30
Winslow, Arizona

Number of in the individual coring interval.

Recovery:

Drill Rate:

Comments on drilling, including water loss, reasons for core loss, and use of drilling mud; also,
laboratory tests performed on core.

Lithologic description in this order: rock type, color, grain size, weathering, fracture aperture,
fracture spacing, strength, and other features; descriptive terms are defined on the following
page.

A graphic log presentation using symbols to represent differing soil & rock types.

Orientation of the naturally occurring fractures relative to the cross-sectional axis of the core.
"NR" indicates no recovery.

The number of naturally occurring fractures in each foot of core; does not include mechanical
breaks, which are considered to be induced by drilling.

Amount (in percent) of core recovered from the coring interval; calculated as the lenth of core
recovered divided by the length of the run.

Run No.:

Number of the core box which contains core from the corresponding run.

(Rock Quality Designation)  Amount (in percent) of intact core (pieces of sound core greater
than twice the core diameter in length) in each coring interval; calculated as the sum of the
lengths of intact core divided by the length of the core run.

Elevation (in feet) from the collar of the borehole.

Distance (in feet) from the collar of the borehole.

Field Notes:

Material Description:

Lithology:

Fracture Orientation:

Fracture Frequency:

RQD:

Rate (in minutes per foot) of penetration of drilling.
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Original minerals of rock have been entirely decomposed to secondary minerals, and
original rock fabric is not apparent; material can be easily broken by hand
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Strong

Rock is discolored and noticeably weakened, but less than half is decomposed; a
minimum 50-mm-diameter sample cannot be broken readily by hand across rock fabric

Description

Original minerals of rock have been almost entirely decomposed to secondary
minerals, although original fabric may be intact; material can be granulated by hand

Moderately Weathered/Altered
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TERMINOLOGY USED TO DESCRIBE ROCKS
Winslow Levees
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ROCK STRENGTH / COMPETENCY
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Date:

Requires one hammer blow to fracture

8 - 24 in

Can be indented 5 mm with sharp end of pick

Requires many hammer blows to fracture

3/4 - 2-1/2 in

145
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Can be peeled with difficulty by pocket knife

( 0.1 - 0.5 )

ROCK TYPE
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Winslow Levees
Woodson Engineering & Surveying, Inc.
Ruby Wash Diversion Levee, Station 165+00 to 381+30
Winslow, Arizona

JOINT ROUGHNESS COEFFICIENT

A-7

Roghness Profiles and Corresponding JRC Values.  (Barton 1973; Hoek, et. al.,
1995)
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medium plasticity, gravel-sized particles
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Winslow Levees
Woodson Engineering & Surveying, Inc.
Ruby Wash Diversion Levee, Station 165+00 to 381+30
Winslow, Arizona
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Logged By:

Automatic
Hole Diameter (in): 8 1/4
Drilling Company:

Date Started:

Yellow Jacket CME-75 E. Everts

Total Depth (ft):

Latitude & Longitude:
Groundwater Depth (ft):

Hammer Type:

N 35° 0' 30"  W 110° 44' 24"

7.0
Hollow Stem Auger & Coring - NWJ RodsDrilling Method:

Equipment:

10/31/2008
Date Completed:No Free Groundwater Encountered



Sandstone, Triassic Moenkopi Formation,
sedimentary, red-brown, moderately hard,
moderately weathered, very fine grained, thin
bedded, intensely fractured

Note: weak cementation; low toughness, base
of levee, start of native Moenkopi Formation
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Winslow Levees
Woodson Engineering & Surveying, Inc.
Ruby Wash Diversion Levee, Station 165+00 to 381+30
Winslow, Arizona

93212Date: June, 2009

E. Everts Project Number:
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50/4 Claystone, Moenkopi Formation yellow to
light gray, medium plasticity, gravel-sized
particles crumble between hammer and hard
surface

Auger refusal at 17.0 feet on bedrock
(Moenkopi Formation)

Stopped sampling at 17.33 feet
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Surface Condition:  Sparse Vegetation,
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4.1

Claystone, Triassic Moenkopi, sedimentary,
claystone, very fine grained, thin bedded,
intensely fractured, weathered, yellow to light
gray; claystone/sandstone bedrock, medium
plasticity, gravel-sized particles crumble
between hammer and hard surface

P
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x

Stopped sampling at 14.5 feet
Initiated HQ Wireline coring at 8.0 feet

Note:  A wobble in the coring rods caused core
diameter to vary from approximately 1 1/4 in.
to 2 in.  This also caused very poor recovery
(less than 55% of run length) and
unrepresentative run times.  Due to these
problems specific rock features such as RQD
could not be determined.

27/12

Clayey Sand, About 55% to 70% fine to
coarse sand; about 30% to 45%  fines with
low plasticity, no dilatancy, high dry strength,
and low toughness; trace angular, fine gravel,
gravel-sized particles fracture with
considerable hammer blow; maximum size,
3/4 in.; dry; red-brown; strong reaction to
HCL

Sandy Lean Clay, About 30% to 45% fine to
medium sand; about 55% to 70%  fines with
medium plasticity, no dilatancy, very high dry
strength, and low to medium toughness; dry;
red-brown; strong reaction to HCL

Lean Clay with Sand, About 12% to 13%
fine sand; about 87.5%  fines with low
plasticity, no dilatancy, very high dry strength,
and low to medium toughness; dry;
red-brown; strong reaction to HCL

100 8827

Auger refusal at 8.0 feet on bedrock
(Moenkopi Formation)
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Winslow Levees
Woodson Engineering & Surveying, Inc.
Ruby Wash Diversion Levee, Station 165+00 to 381+30
Winslow, Arizona

93212Date:

FIGURE

June, 2009

E. Everts Project Number:
A10A10

Hole Diameter (in):

Latitude & Longitude:

8 1/4

11/5/2008

Drilling Company:

Hammer Type:

Yellow Jacket CME-75 E. Everts
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LABORATORY

Date Started:

Coring - NWJ Rods

No Free Groundwater EncounteredGroundwater Depth (ft):

Total Depth (ft): 14.5NA
Drilling Method:
Equipment:

11/4/2008
Date Completed:

Logged By:
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Auger refusal at 2.0 feet on bedrock
(Moenkopi Formation)

Stopped sampling at 1.4 feet

Claystone/sandstone bedrock, Moenkopi
Formation, weathered, yellow to light gray;
claystone/sandstone bedrock, medium
plasticity, gravel-sized particles crumble
between hammer and hard surface

50/5

SC Clayey Sand, About 55% to 65% fine to
coarse sand; about 25% to 40%  fines with
low plasticity, no dilatancy, high dry strength,
and low to medium toughness; about 5% to
10% angular, fine gravel, gravel-sized
particles fracture with considerable hammer
blow; maximum size, 3/4 in.; dry; red-brown;
strong reaction to HCL

Appx. Surface Elevation (ft): 4949.97
Surface Condition:  Sparse Vegetation,

Station # 332+00
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A11
93212Date:

Drafted By:

June, 2009

E. Everts

4945

4940

4935

Winslow Levees
Woodson Engineering & Surveying, Inc.
Ruby Wash Diversion Levee, Station 165+00 to 381+30
Winslow, Arizona

Automatic

Equipment:

Date Completed:

Hollow Stem Auger
Logged By:

Drilling Method:
Drilling Company:
Hole Diameter (in):
Hammer Type:

8 1/4
Total Depth (ft):

Latitude & Longitude:
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A11
LOG OF Test boring B-4

10/31/2008N 35° 0' 28"  W 110° 43' 49"

2.0

No Free Groundwater EncounteredGroundwater Depth (ft):



Surface Condition:  Sparse Vegetation,
Station # 332+58

Appx. Surface Elevation (ft): 4960.84
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50/3

Auger refusal at 12.0 feet on bedrock
(Moenkopi Formation)

Stopped sampling at 11.75 feet

Sandstone bedrock, Triassic Moenkopi,
Native: sedimentary, red-brown, moderately
hard, unweathered, very fine grained, thin
bedded, intensely fractured

Note:  Base of levee, start of native Moenkopi
Formation

Clayey Gravel with Sand, Levee Fill: About
50% fine to coarse, angular gravel; about
30%  fine sand, about 20% fines with low
plasticity, high dry strength, and low
toughness; dry; red-brown; strong reaction to
HCL

Clayey Gravel, Levee Fill: with sand,
predominantly fine grained sand, 10% fine
sand; about 30%  fines clay and silt, low
plasticity, no dilatancy, high dry strength, and
low to medium toughness; dry; red-brown;
strong reaction to HCL, some polishing of
fines visible in sample

Mostly sand, little fines, some gravel and
cobbles

Mostly sand; some fines; about 15% to 25%
fine, angular gravel, gravel-sized particles
fracture with considerable hammer blow;
maximum size, 1 in.

Clayey Sand, Levee Fill: About 55% to 70%
fine sand; about 30% to 45%  fines with low
plasticity, no dilatancy, high dry strength, and
low to medium toughness; dry; red-brown;
strong reaction to HCL
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Winslow Levees
Woodson Engineering & Surveying, Inc.
Ruby Wash Diversion Levee, Station 165+00 to 381+30
Winslow, Arizona

93212Date:
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June, 2009

E. Everts Project Number:
A12
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LABORATORY

12.0

Groundwater Depth (ft):

Total Depth (ft):
Hole Diameter (in): Hollow Stem AugerDrilling Method:

Equipment:

10/30/2008
Date Completed:

Logged By:

Automatic

Drilling Company:
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101 362063/12

Auger refusal at 2.0 feet on bedrock
(Moenkopi Formation)

Stopped sampling at 2.0 feet

1

SC

2.6 100

Clayey Sand, Weathered Bedrock: About
60%  fine sand; about 36%  fines with low
plasticity, slow dilatancy, high dry strength,
and low toughness; about 5% angular, fine
gravel, gravel-sized particles fracture with
considerable hammer blow; dry; red-brown;
strong reaction to HCL

Sandstone, Triassic Moenkopi Formation,
sedimentary, red-brown, moderately hard,
unweathered, very fine grained, thin bedded,
intensely fractured

CME-75
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Winslow Levees
Woodson Engineering & Surveying, Inc.
Ruby Wash Diversion Levee, Station 165+00 to 381+30
Winslow, Arizona
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A13
Drafted By:

June, 2009

E. Everts Project Number:

93212

Hammer Type:

Date Completed:

Logged By:

NA

A13

Hole Diameter (in):

11/3/2008

8 1/4
Total Depth (ft):

11/3/2008
Date Started:

Drilling Company:

Latitude & Longitude:
No Free Groundwater EncounteredGroundwater Depth (ft):

LOG OF Test boring B-6

N 35° 0' 29"  W 110° 43' 50"

2.0
Coring - NWJ RodsDrilling Method:

Equipment:
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Appx. Surface Elevation (ft): 4929.61
Surface Condition:  Sparse Vegetation,

Station # 295+94
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50/6

8 FILL

FILL

23

Auger refusal at 14.0 feet on bedrock
(Moenkopi Formation)

Stopped sampling at 13.25 feet

Sandstone, Triassic Moenkopi  Formation, 
Native: Weathered sandstone bedrock,
Moenkopi Formation sedimentary, red-brown,
moderately hard, unweathered, very fine
grained, thin bedded, intensely fractured

Note:  Base of levee, start of native weathered
sandstone bedrock,

Some polishing of fines visible in sample

Clayey Gravel, with sand Levee Fill: with
sand,  fine grained sand, 10% fine sand;
about 25%  fines clay and silt, low plasticity,
no dilatancy, high dry strength, and low to
medium toughness; dry; red-brown; strong
reaction to HCL, some polishing of fines
visible in sample

Note:  On first attempt, auger refusal at less
than 1 foot on boulder; moved 5 feet west
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DESCRIPTION

Clayey Sand with Gravel,  Levee Fill: About
55% fine to coarse sand; about 15% fines
with low plasticity, slow dilatancy, high dry
strength, and low toughness; about 30%
angular, fine to coarse gravel, cobbles and
boulders, gravel-sized particles fracture with
considerable hammer blow; dry; red-brown;
strong reaction to HCL
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Winslow Levees
Woodson Engineering & Surveying, Inc.
Ruby Wash Diversion Levee, Station 165+00 to 381+30
Winslow, Arizona

93212Date:

FIGURE

June, 2009

E. Everts Project Number:
A14

10/30/2008

Hammer Type:

Yellow Jacket

Total Depth (ft):
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Latitude & Longitude:
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Hole Diameter (in):
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Date Started:

E. EvertsCME-75
No Free Groundwater EncounteredGroundwater Depth (ft):

8 1/4
Automatic 14.0

Hollow Stem AugerDrilling Method:
Equipment:

10/30/2008
Date Completed:

Logged By:
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Auger refusal at 4.0 feet on bedrock
(Moenkopi Formation)

Stopped sampling at 2.0 feet

Sandstone, Triassic Moenkopi Formation,
weathered, red-brown, moderately hard,
unweathered, very fine grained, thin bedded,
intensely fractured

99/11

SC Clayey Sand with Gravel, About 55% fine to
coarse sand; about 15% fines with low
plasticity, slow dilatancy, high dry strength,
and low toughness; about 30% angular, fine
to coarse gravel, gravel-sized particles
fracture with considerable hammer blow; dry;
red-brown; strong reaction to HCL

Appx. Surface Elevation (ft): 4911.98
Surface Condition:  Sparse Vegetation,

Station # 285+50
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A15
93212Date:

Drafted By:

June, 2009

E. Everts
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4895

Winslow Levees
Woodson Engineering & Surveying, Inc.
Ruby Wash Diversion Levee, Station 165+00 to 381+30
Winslow, Arizona

Automatic

Equipment:

Date Completed:

Hollow Stem Auger
Logged By:

Drilling Method:
Drilling Company:
Hole Diameter (in):
Hammer Type:

8 1/4
Total Depth (ft):

Latitude & Longitude:
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LOG OF Test boring B-8

11/3/2008N 35° 0' 35"  W 110° 42' 54"

4.0

No Free Groundwater EncounteredGroundwater Depth (ft):



D
ry

Surface Condition:  Sparse Vegetation,
Station # 285+97

Clayey Sand, with gravel  Weathered
Bedrock: About 50% to 70% fine to coarse
sand; about 15% to 25% fines with low
plasticity, slow dilatancy, high dry strength,
and low toughness; about 15% to 25%
angular, fine gravel, gravel-sized particles

Clayey Sand,  Native:  Weathered Bedrock:
About 55% fine to coarse sand; about 30%
fines with low plasticity, slow dilatancy, high
dry strength, and low toughness; about 15%
angular, fine gravel, gravel-sized particles
fracture with considerable hammer blow;
maximum size, 1 in.; dry; light red-brown;
strong reaction to HCL

Note:  Base of levee, start of native Moenkopi
Formation
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Appx. Surface Elevation (ft): 4926.85

Clayey Gravel with Sand, Levee Fill: About
50% to 60% fine to coarse, angular gravel
and cobbles; about 25% to 35% fine sand,
about 15% to 25% fines with low plasticity,
slow dilatancy, high dry strength, and low
toughness; dry; light red-brown; strong
reaction to HCL

Mostly sand, little fines, some gravel
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some polishing of fines visible in the sample

some gravel and cobbles

Clayey Sand with Gravel, Levee Fill: About
55% predominantly fine sand; about 15%
fines with low plasticity, slow dilatancy, high
dry strength, and low toughness; about 30%
angular, fine to coarse gravel, gravel-sized
particles fracture with considerable hammer
blow; maximum size, 3 in.; dry; light
red-brown; strong reaction to HCL

114 2424

21
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Clayey Gravel, Levee Fill: About 25% fine to
coarse sand; about 25% fines with low
plasticity, slow dilatancy, high dry strength,
and low toughness; about 50% angular, fine
gravel, gravel-sized particles fracture with
considerable hammer blow; maximum size, 1
in.; dry; light red-brown; strong reaction to
HCL
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LOG OF Test boring B-9
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Winslow Levees
Woodson Engineering & Surveying, Inc.
Ruby Wash Diversion Levee, Station 165+00 to 381+30
Winslow, Arizona

93212Date:
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Drilling Method:8 1/4

10/30/2008
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Logged By:

Automatic

Drilling Company:
Hole Diameter (in):
Hammer Type:
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Auger refusal at 21.0 feet on bedrock
(Moenkopi Formation)

Stopped sampling at 18.5 feet
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Sandstone, Triassic Moenkopi Formation, 
weathered,  sedimentary, red-brown,
moderately hard, unweathered, very fine
grained, thin bedded, intensely fractured
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fracture with considerable hammer blow;
maximum size, 1 1/4 in.; dry; light
red-brown; strong reaction to HCL
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LOG OF Test boring B-9    (Continued)
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Yellow Jacket

FIGURE

Core Diameter (in):
CME-75

Li
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y

Between 12' - 3" to 13' - 3", core broken up into
coarse sand- to fine gravel-sized particles around
fractures; fractures infilled with clay; maximum
separation, 5 mm.

Core terminated at 14.0 feet
Initiated HQ Wireline coring at 4.0 feet

Auger refusal at 4.0 feet on bedrock (Moenkopi
Formation)

D
E

P
TH

 (f
t)

Between 13' - 3", core is more sound; no fractures

Between 11' - 2" and 12' - 3", core is more sound;
fracture at 11' - 8" is infilled with clay and separated
7 mm.

Between 10' - 5" and 11' - 2", core broken up into
coarse sand- to fine gravel-sized particles around
fractures; fractures infilled with clay; maximum
separation, 5 mm.

Sandstone, Triassic Moenkopi Formation,
sedimentary, red-brown, moderately hard,
unweathered, very fine grained, thin bedded,
intensely fractured

Note: Rig operated at 1900 rpm in second gear and
at 125 psi

Clayey Sand, trace gravel About 60% to 65%
predominantly fine sand; about 30% fines with low
plasticity, no dilatancy, high dry strength, and low
toughness; about 5% to 10% angular, fine to coarse
gravel, gravel-sized particles fracture with
considerable hammer blow; maximum size, 1 1/2
in.; dry; red-brown; strong reaction to HCL

Note:  Advanced tri-cone drill bit to start of competent
bedrock

SC

Yellow/light gray layer between 13' - 6" and 13' - 7"
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Date Completed:

Surface Elevation (ft):
Coring - NWJ Rods

Groundwater (ft.):

Total Depth (ft):
Drilling Method:

Hammer Type:

11/7/2008
Date Started:

14.0
8

No Free Groundwater Encountered
N 35° 0' 36"  W 110° 42' 53"Latitude & Longitude:

Logged By:Drilling Company: E. Everts

11/7/2008

NA

Equipment:

Surface Condition:  Sparse Vegetation,
Station # 284+82



Clayey Gravel with Sand, Levee Fill: with
sand, predominantly fine grained sand, 10%
fine sand; about 25% to 30% gravel, fines
clay and silt, low plasticity, no dilatancy, high
dry strength, and low to medium toughness;
dry; red-brown; strong reaction to HCL, some
polishing of fines visible in sample

Clayey Sand with Gravel, Native:
Weathered Bedrock: About 50% to 55%
fine sand; about 15% to 20% fines with low
to medium plasticity, no dilatancy, high dry
strength, and low to medium toughness;
about 30% angular, fine to coarse gravel, dry;
red-brown; strong reaction to HCL

Note:  Base of levee, start of native Moenkopi
Formation; slight increase in moisture

Mostly sand, little fines with low plasticity,
some gravel; maximum size, 1 1/4 in.

Mostly sand, little fines, little gravel; fine to
coarse sand; maximum size, 1 in.

Note: Drilling became more difficult between
approximately 9' - 6" and 10' - 6"

Clayey Gravel with gravel, Levee Fill: About
15% predominantly fine sand; about 15% to
30% fines with low to medium plasticity, no
dilatancy, high dry strength, and low to
medium toughness; about 30% angular, fine
to coarse gravel, gravel-sized particles
fracture with considerable hammer blow; dry;
red-brown; strong reaction to HCL

Note: Drilling became more difficult between
approximately 6' - 6" and 7' - 5"
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Appx. Surface Elevation (ft): 4925.01
Surface Condition:  Sparse Vegetation,

Station # 275+02

Clayey Sand, Levee Fill: About 60% to 65%
predominantly fine sand; about 30% fines
with low plasticity, no dilatancy, high dry
strength, and low toughness; about 5% to
10% angular, fine to coarse gravel,
gravel-sized particles fracture with
considerable hammer blow; maximum size, 1
1/2 in.; dry; red-brown; strong reaction to
HCL

0.0 to 17.0 feet

6

Clayey Gravel with Sand, Levee Fill: About
50% to 55% fine to coarse, angular gravel;
about 30% to 35% fine to coarse sand, about
15% fines with low plasticity, slow dilatancy,
high dry strength, and low toughness;
maximum size, 1 in.; dry; red-brown; strong
reaction to HCL; some polishing of fines
visible in sample
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N 35° 0' 33"  W 110° 42' 42"Latitude & Longitude:
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U
P

D
A

TE
D

 G
E

O
_A

D
O

T_
E

W
/E

L 
93

21
2.

G
P

J 
 6

/1
8/

20
09

Copyright Kleinfelder, Inc. 2009

Winslow Levees
Woodson Engineering & Surveying, Inc.
Ruby Wash Diversion Levee, Station 165+00 to 381+30
Winslow, Arizona

93212
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June, 2009

E. Everts Project Number:
A18
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20.1
Hollow Stem AugerDrilling Method:
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10/30/2008

Logged By:

Automatic

Drilling Company:
Hole Diameter (in):
Hammer Type:

8 1/4
Total Depth (ft):
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Auger refusal at 20.0 feet on bedrock
(Moenkopi Formation)

Stopped sampling at 16.5 feet
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Sandstone, Triassic Moenkopi, weathered,
sedimentary, red-brown, moderately hard,
unweathered, very fine grained, thin bedded,
intensely fractured
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content; drilling became more difficult due to
harder subsurface conditions

Drafted By:

FIGURE

Page  2  of  2

A18
Project Number:E. Everts

Date: 93212

Winslow Levees
Woodson Engineering & Surveying, Inc.
Ruby Wash Diversion Levee, Station 165+00 to 381+30
Winslow, Arizona

Copyright Kleinfelder, Inc. 2009

U
P

D
A

TE
D

 G
E

O
_A

D
O

T_
E

W
/E

L 
93

21
2.

G
P

J 
 6

/1
8/

20
09

June, 2009

LOG OF Test boring B-11    (Continued)
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Appx. Surface Elevation (ft): 4897.19
Surface Condition:  Sparse Vegetation,

Station # 253+57

0.0 to 15.0 feet
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SC

CL

SC

76

Auger refusal at 15.0 feet on bedrock
(Moenkopi Formation)

Stopped sampling at 12.5 feet

Sandstone, Triassic Moenkopi Formation,
weathered, sedimentary, red-brown,
moderately hard, unweathered, very fine
grained, thin bedded, intensely fractured

Clayey Sand, About 55% to 70% fine to
coarse sand; about 30% to 45% fines with
low plasticity, no dilatancy,high dry strength,
and low toughness; maximum size, coarse
sand; dry; red-brown; strong reaction to HCL

Note: About 75%  fines and about 25% fine to
coarse sand.

97

Clayey Sand, About 50% to 70% fine to
coarse sand; about 30% to 45% fines with
low plasticity, slow dilatancy, very high dry
strength, and low toughness; trace angular,
fine gravel, gravel-sized particles fracture
with considerable hammer blow; maximum
size, 3/4 in.; dry; red-brown; strong reaction
to HCL
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Lean Clay, About 65%  fines with low
plasticity, no dilatancy, high dry strength, and
low to toughness; about 20% to 25% fine to
coarse sand; dry; red-brown; maximum size,
coarse sand; polishing of fines visible in
sample; strong reaction to HCL

Note: Mostly sand, some fines, about 5% to
10% fine gravel
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Winslow Levees
Woodson Engineering & Surveying, Inc.
Ruby Wash Diversion Levee, Station 165+00 to 381+30
Winslow, Arizona

93212Date:

FIGURE

June, 2009

E. Everts Project Number:
A19A19

Yellow Jacket

Hammer Type:
8 1/4

Latitude & Longitude:
11/4/2008

Date Started:

Hole Diameter (in):
Total Depth (ft):

CME-75 E. Everts
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Hollow Stem Auger

No Free Groundwater EncounteredGroundwater Depth (ft):

15.0

Drilling Company:

11/4/2008

Automatic

Logged By:Equipment:

Date Completed:

Drilling Method:
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Surface Condition:  Sparse Vegetation,
Station # 253+74
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0.8

O
th

er

P
as

si
ng

B
lo

w
 C

ou
nt

s
pe

r 6
" I

nt
er

va
l

Te
st

s

P
as

si
ng

D
ry

45

8

5

2

NP

FILL

FILL

17

G
ra

ph
ic

al
 L

og

Maximum size, 2 in.

11' - 0" to 11' - 4" yellow/light gray
silt/sandstone

Maximum size, 1 in.
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Clayey Sand with Gravel, Levee Fill: About
50% fine to coarse sand; about 20% fines
with low plasticity, slow dilatancy, high dry
strength, and low toughness; about 30%
angular, fine to coarse gravel, gravel-sized
particles fracture with considerable hammer
blow; maximum size, 1 in.; dry; light
red-brown; strong reaction to HCL
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Clayey Gravel with Sand, Levee Fill: About
20% to 55% fine to coarse, angular gravel;
about 20% fine to coarse sand, about 15% to
20% fines with low plasticity, slow dilatancy,
high dry strength, and low toughness;
maximum size, 1 1/2 in.; dry; red-brown;
strong reaction to HCL5
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Winslow Levees
Woodson Engineering & Surveying, Inc.
Ruby Wash Diversion Levee, Station 165+00 to 381+30
Winslow, Arizona

Drafted By:

June, 2009

E. Everts Project Number:
A20

93212

E. Everts

Total Depth (ft):
Hole Diameter (in):
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8 1/4

N 35° 0' 28"  W 110° 42' 17"

Automatic

Drilling Company: CME-75

10/31/2008

Yellow Jacket

Date Started:Latitude & Longitude:
No Free Groundwater EncounteredGroundwater Depth (ft):

Hammer Type:

Logged By:

30.5
Hollow Stem AugerDrilling Method:

Equipment:

10/31/2008
Date Completed:
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Clayey Gravel with Sand, Native: About 50%
to 55% fine to coarse, angular gravel; about
30% to 35% fine to coarse sand, about 15%
to 20% fines with low plasticity, slow
dilatancy, high dry strength, and low
toughness; maximum size, 1 in.; dry;
red-brown; some polishing of fines visible in
sample; sample fractured into flat, horizontal
gravel-sized particles; strong reaction to HCL

Note: Base of levee, start of native Moenkopi
Formation

Moist, polishing of fines visible in sample

Clayey Sand with Gravel, About 50% to 55%
fine to coarse sand; about 30% to 35% fines
with low plasticity, no dilatancy, high dry
strength, and low to medium toughness;
about 15% to 20% angular, fine to coarse
gravel, gravel-sized particles fracture with
considerable hammer blow; maximum size, 1
in.; moist; red-brown; polishing of fines visible
in sample; strong reaction to HCL

Clay with Sand, About 25% to 30%  fine
sand; about 70% to 75% fines with low
plasticity, no dilatancy, high dry strength, and
low to medium toughness; maximum size,
medium sand; moist; red; strong reaction to
HCL

Note:  Auger refusal on possible boulder at 29'
- 0".  However, SPT sampler was able to be
driven past obstruction.

Auger refusal on possible boulder at 29.0 feet
Stopped sampling at 30.5 feet
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Winslow Levees
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E. Everts

LOG OF Test boring B-13    (Continued)
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Appx. Surface Elevation (ft): 4892.28
Surface Condition:  Sparse Vegetation,

Station # 253+72

E. Everts

0.0 to 13.0 feet
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Sandy Lean Clay, About 30% to 45%  fine
sand; about 55% to 70% fines with medium
plasticity, no dilatancy, very high dry strength,
and low to medium toughness; maximum
size, medium sand; trace roots; dry;
red-brown with small areas of white; strong
reaction to HCL
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15

25
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LABORATORY

Auger refusal at 13.0 feet on bedrock
(Moenkopi Formation)

Stopped sampling at 12.5 feet

Claystone, Moenkopi Formation weathered,
yellow to light gray; claystone/sandstone
bedrock, medium plasticity, gravel-sized
particles crumble between hammer and hard
surface

Clayey Sand with Gravel, About 50% to 70%
fine to coarse sand; about15% to 25% fines
with low plasticity, slow dilatancy, high dry
strength, and low toughness; 15% to 25%
angular, fine gravel, gravel-sized particles
fracture with considerable hammer blow;
maximum size, 1/2 in.; dry; red-brown; strong
reaction to HCL
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Winslow Levees
Woodson Engineering & Surveying, Inc.
Ruby Wash Diversion Levee, Station 165+00 to 381+30
Winslow, Arizona

FIGURE

Drafted By:

June, 2009

E. Everts Project Number:

93212

Total Depth (ft):

Logged By:

LOG OF Test boring B-14

Drilling Company:

Date Completed:

8 1/4
Automatic

11/4/2008
Date Started:

Yellow Jacket

Hammer Type:

N 35° 0' 29"  W 110° 42' 16"
Groundwater Depth (ft):

Hole Diameter (in):

No Free Groundwater Encountered

11/4/2008

13.0
Hollow Stem AugerDrilling Method:

Equipment:

Latitude & Longitude:
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Auger refusal at 2.5 feet on bedrock
(Moenkopi Formation)

Stopped sampling at 1.25 feet

Sandstone, Triassic Moenkopi Formation,
weathered, sedimentary, red-brown,
moderately hard, unweathered, very fine
grained, thin bedded, intensely fractured

50/3

SC Clayey Sand, About 65% to 80% fine to
coarse sand; about 15% to 25% fines with
low plasticity, slow dilatancy, low dry
strength, and low toughness; about 5% to
10% angular, fine gravel, gravel-sized
particles fracture with considerable hammer
blow; maximum size, 1/2 in.; dry; red-brown;
strong reaction to HCL

Appx. Surface Elevation (ft): 4908.05
Surface Condition:  Sparse Vegetation,

Station # 220+23
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A22
93212Date:

Drafted By:

June, 2009

E. Everts
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Winslow Levees
Woodson Engineering & Surveying, Inc.
Ruby Wash Diversion Levee, Station 165+00 to 381+30
Winslow, Arizona

Automatic

Equipment:

Date Completed:

Hollow Stem Auger
Logged By:

Drilling Method:
Drilling Company:
Hole Diameter (in):
Hammer Type:

8 1/4
Total Depth (ft):

Latitude & Longitude:
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A22
LOG OF Test boring B-15

11/4/2008N 35° 0' 26"  W 110° 41' 37"

2.5

No Free Groundwater EncounteredGroundwater Depth (ft):
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Auger refusal at 2.0 feet on bedrock
(Moenkopi Formation)

Stopped sampling at 1.5 feet

Claystone, Moenkopi Formation weathered,
yellow to light gray; claystone/sandstone
bedrock, medium plasticity, gravel-sized
particles crumble between hammer and hard
surface

50/6

SC Clayey Sand, About 70% to 80% fine to
coarse sand; about 15% to 25% fines with
low plasticity, slow dilatancy, high dry
strength, and low toughness; about 5%
angular, fine gravel, gravel-sized particles
fracture with considerable hammer blow;
maximum size, 1/2 in.; dry; red-brown; strong
reaction to HCL

Appx. Surface Elevation (ft): 4881.99
Surface Condition:  Sparse Vegetation,

Station # 207+00
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A23
93212Date:

Drafted By:

June, 2009

E. Everts

4880

4875

4870

4865

Winslow Levees
Woodson Engineering & Surveying, Inc.
Ruby Wash Diversion Levee, Station 165+00 to 381+30
Winslow, Arizona

Automatic

Equipment:

Date Completed:

Hollow Stem Auger
Logged By:

Drilling Method:
Drilling Company:
Hole Diameter (in):
Hammer Type:

8 1/4
Total Depth (ft):

Latitude & Longitude:
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A23
LOG OF Test boring B-16

11/4/2008N 35° 0' 26"  W 110° 41' 22"

2.0

No Free Groundwater EncounteredGroundwater Depth (ft):



Gravel with Clay,  Levee Fill: About 50% to
65% fine to coarse, angular gravel; about
30% to 40% fine to coarse sand, about 5% to
10% fines with low plasticity, slow dilatancy,
low dry strength, and low toughness;
maximum size, 1 1/4 in.; dry; red-brown;
strong reaction to HCL

Clayey Sand with Gravel,  Native: About 50%
to 55% fine to coarse sand; about 15% fines
with low plasticity, slow dilatancy, high dry
strength, and low toughness; about 30% to
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Maximum size, 1 in.; yellow-white, orange and
red-brown
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Appx. Surface Elevation (ft): 4904.64
Surface Condition:  Sparse Vegetation,

Station # 208+62
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Clayey Sand with Gravel,  Levee Fill: About
50% to 55% fine to coarse sand; about 15%
fines with low plasticity, slow dilatancy, high
dry strength, and low toughness; about 30%
to 35% angular, fine gravel, gravel-sized
particles fracture with considerable hammer
blow; maximum size, 1 in.; dry; red-brown;
strong reaction to HCL

NP

SC

FILL

FILL

FILL

6
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23

Gravel-sized particles crumble with hammer
blow

Clayey Sand with Gravel,  Levee Fill: 50%
fine sand; 21% fines with non-plastic, slow
dilatancy, high dry strength, and low
toughness;, fine gravel, gravel-sized particles
fracture with considerable finger pressure;
maximum size, 3/4 in.; dry; light red-brown;
strong reaction to HCL, Maximum size 1 1/4
in.; light red-brown with yellow-white
aggregate

Clayey Sand with Gravel,  Levee Fill: About
45% fine sand; about 20% fines with no
plasticity, slow dilatancy, high dry strength,
and low toughness; about 15% angular, fine
gravel, gravel-sized particles fracture with
considerable finger pressure; maximum size,
3/4 in.; dry; light red-brown; strong reaction to
HCL
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LOG OF Test boring B-17
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No Free Groundwater Encountered

Drafted By:

U
P

D
A

TE
D

 G
E

O
_A

D
O

T_
E

W
/E

L 
93

21
2.

G
P

J 
 6

/1
8/

20
09

Copyright Kleinfelder, Inc. 2009

Winslow Levees
Woodson Engineering & Surveying, Inc.
Ruby Wash Diversion Levee, Station 165+00 to 381+30
Winslow, Arizona

93212Date: June, 2009

E. Everts Project Number:
A24
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Equipment:

25.3
Hollow Stem Auger

FIELD

Drilling Method:
Total Depth (ft):

10/28/2008
Date Completed:

Logged By:

Automatic

Drilling Company:
Hole Diameter (in):
Hammer Type:

8 1/4



17.0 to 25.3 feet
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Silty Gravel, About 25% fine to coarse sand;
about 20% fines with no plasticity, no
dilatancy, high dry strength, and low
toughness; about 30% to 45% angular, fine
to coarse gravel, gravel-sized particles
fracture with considerable hammer blow;
maximum size, 1 1/2 in.; dry; red-brown;
strong reaction to HCL

About 50% to 65% sand, 30% to 40% fines,
5% to 10% fine gravel

Clayey Gravel with Sand, About 30% to 45%
fine sand; about 55% to 70% fines with low
plasticity, no dilatancy, high dry strength, and
low toughness; dry; red-brown; strong
reaction to HCL

Sandstone, Triassic Moenkopi Formation,
weathered, sedimentary, red-brown,
moderately hard, unweathered, very fine
grained, thin bedded, intensely fractured

Auger refusal at 25.0 feet on bedrock
(Moenkopi Formation)

Stopped sampling at 25.25 feet
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35% angular, fine gravel, gravel-sized
particles fracture with considerable hammer
blow; maximum size, 1 in.; dry; red-brown;
strong reaction to HCL

Mostly sand, little fines, 15% to 25% gravel
Note:  Approximate base of levee, start of
native Moenkopi Formation
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Poorly Graded Gravel with Clay and Sand,
About 65% to 80% fine to coarse, angular
gravel; about 15% to 25% fine to coarse
sand, about 5% to 10% fines non-plastic,
slow dilatancy, low dry strength, and low
toughness; maximum size, 1 1/4 in.; dry;
red-brown; some polishing of fines visible in
sample; strong reaction to HCL
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Date: 93212

Winslow Levees
Woodson Engineering & Surveying, Inc.
Ruby Wash Diversion Levee, Station 165+00 to 381+30
Winslow, Arizona
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Surface Condition:  Sparse Vegetation,
Station # 207+08

C
on

te
nt

 (%
)

D
en

si
ty

 (p
cf

)

LABORATORY

U
S

C
S

 C
la

ss
ifi

ca
tio

n

P
la

st
ic

ity
 In

de
x

Te
st

s

E
LE

V
A

TI
O

N
 (f

t)

D
ry

G
ra

ph
ic

al
 L

og

DESCRIPTION

R
es

is
ta

nc
e 

(b
pf

)

O
th

er

P
as

si
ng

FIELD

46/12 5022 7

SC

GC

#2
00

 S
ie

ve
 (%

)

9

10

7

50/3

Auger refusal at 14.0 feet on bedrock
(Moenkopi Formation)

Stopped sampling at 11.25 feet

Sandstone,Triassic Moenkopi Formation,
weathered,  sedimentary, red-brown,
moderately hard, unweathered, very fine
grained, thin bedded, intensely fractured

Clayey Sand with Gravel, About 45% to 50%
fine to coarse sand; about 10% to 15% fines
with low plasticity, no dilatancy, high dry
strength, and low toughness; about 40%
angular, fine to coarse gravel, gravel-sized
particles fracture fracture with considerable
hammer blow; dry; red-brown with some
yellow-white to light gray aggregate; strong
reaction to HCL

Clayey Gravel with Sand, About 15% to 25%
fine to coarse sand; about 25% fines with low
plasticity, no dilatancy, high dry strength, and
low toughness; about 45% angular, fine to
coarse gravel, gravel-sized particles fracture
fracture with considerable hammer blow; dry;
red-brown with some yellow-white to light
gray aggregate; strong reaction to HCL
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Winslow Levees
Woodson Engineering & Surveying, Inc.
Ruby Wash Diversion Levee, Station 165+00 to 381+30
Winslow, Arizona

FIGURE

Page  1  of  1

Drafted By:

June, 2009

E. Everts Project Number:

93212

11/4/2008

Logged By:

Automatic
Hole Diameter (in): 8 1/4
Drilling Company:

Date Started:

Yellow Jacket CME-75 E. Everts

Total Depth (ft):

Latitude & Longitude:
Groundwater Depth (ft):

Hammer Type:

N 35° 0' 27"  W 110° 41' 21"

14.0
Hollow Stem AugerDrilling Method:

Equipment:

11/4/2008
Date Completed:No Free Groundwater Encountered
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Appx. Surface Elevation (ft): 4866.52
Surface Condition:  Sparse Vegetation,

Station # 171+38
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50/3

21/12 79105

Clayey Sand with Gravel, Weathered
Bedrock: About 25% to 50% fine to coarse
sand; about 20% to 25% fines with low
plasticity, slow dilatancy, very high dry
strength, and low toughness; about 5%
angular, fine gravel, gravel-sized particles
fracture with considerable hammer blow;
maximum size, 1/2 in.; dry; red-brown; strong
reaction to HCL

1

SC

1.5 23

Auger refusal at 6.5 feet on bedrock
(Moenkopi Formation)

Stopped sampling at 6.25 feet

Claystone, Moenkopi Formation weathered,
yellow to light gray; claystone/sandstone
bedrock, medium plasticity, gravel-sized
particles crumble between hammer and hard
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Winslow Levees
Woodson Engineering & Surveying, Inc.
Ruby Wash Diversion Levee, Station 165+00 to 381+30
Winslow, Arizona
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A26
Drafted By:

June, 2009

E. Everts Project Number:

93212

8 1/4

Date Completed:

A26

Automatic

Drilling Company:

11/4/2008

Hammer Type: Total Depth (ft):

11/4/2008
Date Started:

Hole Diameter (in):

No Free Groundwater EncounteredGroundwater Depth (ft):
N 35° 0' 21"  W 110° 40' 40"

Logged By:

Latitude & Longitude:

LOG OF Test boring B-20

6.5
Hollow Stem AugerDrilling Method:

Equipment:



E
LE

V
A

TI
O

N
 (f

t)

Appx. Surface Elevation (ft): 4887.56

3.2

D
en

si
ty

 (p
cf

)
D

ry

G
ra

ph
ic

al
 L

og

DESCRIPTION

R
es

is
ta

nc
e 

(b
pf

)

O
th

er

P
as

si
ng Surface Condition:  Sparse Vegetation,

Station # 172+54

pe
r 6

" I
nt

er
va

l

Mostly fine sand, about 30% to 45% fines,
about 5% to 10% gravel; maximum size, 1 in.
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Mostly fine sand, about 15% to 25% fines,
about 25% to 35% gravel
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Mostly sand, 15% to 20% fines, 30% to 35%
gravel; maximum size, 1 1/2 in.

Note:  1 1/2 in. gravel was fractured inside the
sampler indicating that it was part of larger
sized gravel

Clayey Sand with Gravel,  Levee Fill: About
25% to 40% fine to coarse sand; about 30%
to 35%  fines with no plasticity, no dilatancy,
high dry strength, and low toughness; about
20% to 30% angular, fine to coarse gravel,
gravel-sized particles crumble with hammer
blow; maximum size, 1 1/4 in.; dry;
red-brown; some polishing of fines visible in
sample; strong reaction to HCL

Maximum size, 3/4 in.

Mostly sand, some fines, 15% to 25% fine to
coarse gravel

Clayey Sand with Gravel,  Levee Fill: About
45% to 55% fine to coarse sand; about 35%
to 45%  fines with low plasticity, no dilatancy,
high dry strength, and low toughness; about
5% to 10% angular, fine to coarse gravel,
gravel-sized particles crumble with hammer
blow; maximum size, 1 1/4 in.; dry;
red-brown; some polishing of fines visible in
sample; strong reaction to HCL

Clayey Gravel with Sand, Levee Fill: About
50% to 55% fine to coarse, angular gravel;
about 30% to 35% fine to coarse sand, about
15% to 20% fines with low plasticity, slow
dilatancy, high dry strength, and low
toughness; maximum size, 1 1/4 in.; dry;
red-brown and yellow-gray; strong reaction to
HCL
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Winslow Levees
Woodson Engineering & Surveying, Inc.
Ruby Wash Diversion Levee, Station 165+00 to 381+30
Winslow, Arizona

93212Date: June, 2009

E. Everts Project Number:
A27
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Hammer Type:

Equipment:

10/29/2008
Date Completed:

Logged By:

Automatic

Drilling Company:
Hole Diameter (in):
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Clayey Sand , Native: About 45% to 55%
fine sand; about 45% to 55%  fines with low
plasticity, no dilatancy, high dry strength, and
low toughness; dry; red-brown; polishing of
fines visible in sample; strong reaction to
HCL

Note: Base of levee, start of native Moenkopi
Formation

Maximum size, medium sand; polishing of
fines visible in sample

Lean Clay, About 12% to 47% fine to
medium sand; 55%  fines with low plasticity,
no dilatancy, very high dry strength, and low
to medium toughness; dry; red-brown; strong
reaction to HCL

Moist

Maximum size, fine sand

Clayey Sand, About 55% to 70% fine sand;
about 30% to 45%  fines with low plasticity,
slow dilatancy, high dry strength, and low
toughness; maximum size, fine sand; dry;
red-brown; strong reaction to HCL

Claystone, Moenkopi Formation weathered;
yellow to light gray; claystone/sandstone
bedrock, medium plasticity, gravel-sized
particles crumble between hammer and hard
surface; Moenkopi Formation

Auger refusal at 30.0 feet on bedrock
(Moenkopi Formation)

Stopped sampling at 30.08 feet
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A27
LOG OF Test boring B-21    (Continued)
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CME-75
Core Diameter (in):

Yellow Jacket

4864.65

FIGURE

93

Clayey Sand, About 60% to 65% predominantly
fine sand; about 30% fines with low plasticity, no
dilatancy, high dry strength, and low toughness;
about 5% to 10% angular, fine to coarse gravel,
gravel-sized particles fracture with considerable
hammer blow; maximum size, 1 1/2 in.; dry;
red-brown; strong reaction to HCL

Note:  Advanced tri-cone drill bit to start of competent
bedrock

Sandstone, Triassic Moenkopi, sedimentary,
yellow-orange, moderately hard, unweathered to
slightly weathered, fine grained, thin bedded,
moderately fractured

Note: Rig operated at 1900 rpm at 125 psi (first gear
between 7.5 feet and 10 feet; second gear between
10 feet and 12.5 feet)

Highly fractured

White to light gray and yellow-orange; intensely
fractured from 15' - 8" to 16' - 7"
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LOG OF Test boring B-22

A28
Page  1  of  2

Groundwater (ft.): Date Completed:

Surface Elevation (ft):
Coring - NWJ Rods

Hammer Type: Total Depth (ft):
Drilling Method:

11/11/2008
Date Started:

Surface Condition:  Sparse Vegetation,
Station # 172+68

No Free Groundwater Encountered
N 35° 0' 22"  W 110° 40' 40"Latitude & Longitude:

Drilling Company: Equipment: E. Everts
8

11/11/2008

NA

Logged By:
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Woodson Engineering & Surveying, Inc.
Ruby Wash Diversion Levee, Station 165+00 to 381+30
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LOG OF Test boring B-22    (Continued)
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Appx. Surface Elevation (ft): 4962.35
Surface Condition:  Sparse Vegetation,

Station # 372+63
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Note: About 85% to 95% fine to coarse sand;
about 5% to 10% fines with no plasticity, slow
dilatancy, high dry strength, and low
toughness; less than 5% flat, angular fine

Clayey Sand, About 55% to 60% fine to
medium sand; about 25% to 40% fines;
maximum size, coarse sand; no plasticity,
dry; red-brown; mica present; strong reaction
to HCL

Sandy Lean Clay, About 30% to 45% fine
sand; about 55% to 65% fines with low
plasticity, slow dilatancy, high dry strength,
and low toughness; maximum size, medium
sand; dry; red-brown; strong reaction to HCL

Sandy Lean Clay, About 30% to 45%
predominantly fine sand; about 55% to 70%
fines with low plasticity, no dilatancy, very
high dry strength, and low toughness;
maximum size, coarse sand; dry; red-brown;
strong reaction to HCL
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LOG OF Test boring B-23
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Winslow Levees
Woodson Engineering & Surveying, Inc.
Ruby Wash Diversion Levee, Station 165+00 to 381+30
Winslow, Arizona

93212Date:

FIGURE

June, 2009

E. Everts Project Number:
A29

Page  1  of  2
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Latitude & Longitude:
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4950

Total Depth (ft):

Drilling Company:

11/3/2008
Date Started:

E. EvertsYellow Jacket

20.0

No Free Groundwater EncounteredGroundwater Depth (ft):

Hammer Type: Automatic
Hollow Stem AugerDrilling Method:

Equipment:

11/3/2008
Date Completed:

Logged By:
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43 gravel; maximum size, 1/2 in.; dry;
red-brown and yellow-light gray; strong
reaction to HCL

Claystone/Siltstone, Moenkopi Formation,
red-brown. moist,   weathered sandstone
bedrock, sedimentary, red-brown, moderately
hard, unweathered, very fine grained, thin
bedded, intensely fractured

Auger refusal at 20.0 feet on bedrock
(Moenkopi Formation)

Stopped sampling at 17.5 feet
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Winslow Levees
Woodson Engineering & Surveying, Inc.
Ruby Wash Diversion Levee, Station 165+00 to 381+30
Winslow, Arizona
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LOG OF Test boring B-23    (Continued)
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Auger refusal at 15.0 feet on bedrock
(Moenkopi Formation)

Stopped sampling at 11.33 feet

fine to coarse sand
Note:  some gravel-sized particles recovered in
sampler can be broken with considerable
finger pressure into angular pieces having a
laminated structure (approximately 1 mm
thick seams alternating between red-brown
and dark brown)

Silty Gravel to Clayey Gravel, Weathered
Bedrock: About 30% predominantly fine
sand, about 15%  fines with low plasticity, no
dilatancy, high dry strength, and low
toughness; about 55% angular, fine to coarse
gravel and cobbles, gravel-sized particles
fracture with considerable hammer blow; dry;
red-brown; strong reaction to HCL
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Yellow Jacket

Surface Condition:  Sparse Vegetation,
Station # 346+19
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Page  1  of  193212Date:

Drafted By:

June, 2009

E. Everts Project Number:

Winslow Levees
Woodson Engineering & Surveying, Inc.
Ruby Wash Diversion Levee, Station 165+00 to 381+30
Winslow, Arizona

Drilling Company: Equipment:

Page  1  of  1

Date Completed:

Drilling Method:
Automatic

11/3/2008

Hole Diameter (in):
Hammer Type:

8 1/4
Total Depth (ft):

11/3/2008

Logged By:

N 35° 0' 27"  W 110° 44' 6"

LOG OF Test boring B-24

A30

Hollow Stem Auger

Groundwater Depth (ft):
Latitude & Longitude:

15.0

No Free Groundwater Encountered
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CME-75

Slightly weathered, core broken up into coarse sand-
to fine gravel-sized particles around fractures

2

1

Core terminated at 12.5 feet

R
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)

Auger refusal at 2.0 feet on bedrock (Moenkopi
Formation)

Note: between approximately 4' - 10" and 5' - 0",  the
drilling rods wobbled as if no longer drilling through
competent bedrock

Note: core advanced quickly between 3' - 1" and 3' -
4"

Sandstone, Triassic Moenkopi, sedimentary,
red-brown, moderately hard, unweathered, very fine
grained, thin bedded, intensely fractured

Note: Rig operated at 1700 rpm at 125 psi (third
gear)

Clayey Sand
Note:  Advanced tri-cone drill bit to start of competent
bedrock

SC

Initiated HQ Wireline coring at 2.0 feet

Yellow Jacket
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A31
LOG OF Test boring B-25
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Winslow Levees
Woodson Engineering & Surveying, Inc.
Ruby Wash Diversion Levee, Station 165+00 to 381+30
Winslow, Arizona

93212Date:

Date Started:
Date Completed: 11/6/2008

Surface Elevation (ft):
Coring - NWJ Rods

Groundwater (ft.):

Total Depth (ft):
Drilling Method:

E. Everts

Surface Condition:  Sparse Vegetation,
Station # 317+73

No Free Groundwater Encountered
N 35° 0' 32"  W 110° 43' 32"Latitude & Longitude:

Logged By:Equipment:
8

11/6/2008

12.3NAHammer Type:

Drilling Company:
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FIGURE
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59
Between 5' - 6" and 5' - 11", slightly weathered; core
broken up into coarse sand- to fine gravel-sized
particles around fractures; fractures infilled with
clay; maximum separation, 4 mm.

MATERIAL DESCRIPTION

Core terminated at 11.0 feet
Initiated HQ Wireline coring at 2.0 feet

Auger refusal at 1.0 feet on bedrock (Moenkopi
Formation)

1

Highly fractured; no infill; outer surface of core
slightly pitted between 9' - 6" and 10' - 3"

Note: Rig operated at 1900 rpm at 125 psi (third
gear)

2

Note: Rig operated at 1900 rpm at 125 psi (second
gear)

Sandstone, Triassic Moenkopi, sedimentary,
red-brown, moderately hard, unweathered, very fine
grained, thin bedded, intensely fractured

Note: Rig operated at 1900 rpm at 125 psi (first gear)

Clayey Sand, About 60% to 65% predominantly
fine sand; about 30% fines with low plasticity, no
dilatancy, high dry strength, and low toughness;
about 5% to 10% angular, fine to coarse gravel,
gravel-sized particles fracture with considerable
hammer blow; maximum size, 1 1/2 in.; dry;
red-brown; strong reaction to HCL

Note:  Advanced tri-cone drill bit to start of competent
bedrock

SM

SC

Silty Sand, with some clayey sand, fines with low
plasticity, slow dilatancy, high dry strength, and low
toughness; maximum size, fine sand; dry;
red-brown; strong reaction to HCL
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Surface Condition:  Sparse Vegetation,
Station # 243+55

Project Number:
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A32
LOG OF Test boring B-26

E. Everts
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Winslow Levees
Woodson Engineering & Surveying, Inc.
Ruby Wash Diversion Levee, Station 165+00 to 381+30
Winslow, Arizona

93212Date:

Drafted By:
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11/10/2008

Surface Elevation (ft):
Coring - NWJ Rods

Groundwater (ft.):

Total Depth (ft):Hammer Type:

Date Started:

11.04902.81
Drilling Method:8

No Free Groundwater Encountered
Equipment:

N 35° 0' 27"  W 110° 42' 5"

NA

Latitude & Longitude: 11/10/2008

Logged By:Drilling Company:

Date Completed:

E. Everts
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Levee Fill: Silty, Clayey Gravel with fine sand
and gravel, reddish brown, dry, low plasticity.

Note: drillers added water

Levee Fill: Silty, Clayey Gravel with fine to
coarse sand and cobbles, reddish brown, dry,
low plasticity.

Levee Fill: Clayey Gravelwith fine to coarse
sand and cobbles, reddish brown, dry, low
plasticity.

Levee Fill: Silty Gravel with fine sand and
cobbles, light brown, dry, non-plastic.
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Appx. Surface Elevation (ft): 4888.00
Surface Condition:  Sparse Vegetation,

Station # 209+80
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2 Levee Fill: Silty Gravel with fine sand and
cobbles, low toughness, reddish brown, dry,
low plasticity.
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Levee Fill: Silty Sand with gravel, fine to
coarse sand, reddish gray, dry, low plasticity.
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0.0 to 17.0 feet

DESCRIPTION

A33
LOG OF Test boring SB-1

N 35° 0' 27.8"  W 110° 41' 23.7"Latitude & Longitude:
No Free Groundwater EncounteredGroundwater Depth (ft):
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Winslow Levees
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Levee Fill: Silty Gravel with fine sand and
cobbles, light brown, dry, low plasticity.

Levee Fill: Silty Clayey Gravel with fine sand
and cobbles, reddish brown, dry, low
plasticity.

Levee Fill: Silty Sand with fine to coarse
gravel and cobbles, sand is fine grained,
reddish brown, dry, low plasticity.
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NV

17

18

16

17

pe
r 6

" I
nt

er
va

l

37

Te
st

s

P
as

si
ng

D
E

P
TH

 (f
t)

M
oi

st
ur

e

17.0 to 27.5 feet

#4
 S

ie
ve

 (%
)

Silty Sand with gravel and cobbles, nominal
size 5",  fine to medium grained sand, dark
reddish gray, moist, trace clay, no plasticity.

Kaibab Formation, light-yellow, hard,
quartzitic sandstone, quartz grains are well
rounded and poorly graded, weak reaction to
HCL.

Note: very difficult drilling
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DESCRIPTION



Levee Fill: Clayey Gravel with fine to coarse
sand and cobbles, reddish brown, dry,
medium plasticity, weak reaction to HCL.

Surface Condition:  Sparse Vegetation,
Station # 244+68

Levee Fill: Silty, Clayey Sand with gravel,
sand is fine to coarse grained, reddish brown,
dry, low plasticity, weak reaction to HCL.
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Appx. Surface Elevation (ft): 4919.96

Levee Fill: Silty Gravel with fine sand and
cobbles, reddish brown, dry, low plasticity,
weak reaction to HCL.
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Levee Fill: Silty Gravel with fine to coarse
sand and cobbles, reddish brown, dry, low
plasticity, weak reaction to HCL.
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Levee Fill: Silty, Clayey Gravel with fine to
coarse grained sand and cobbles, reddish
brown, dry, low plasticity, weak reaction to
HCL.
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Moenkopi Formation (sandstone),
light-brown, moderately hard, poorly
weathered, fine grained, thin horizontal
bedding, moderately fractured, weak reaction
to HCL.

Stopped drilling at 25.0  feet in hard sandstone
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LOG OF Test boring SB-2    (Continued)
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Moenkopi Formation (sandstone),
light-brown, moderately hard,  poorly
weathered,  fine grained, thin horizontal

Clayey Sand, fine to coarse, reddish brown,
dry, low plasticity, low plasticity, weak
reaction to HCL.

Levee Fill: Silty, Clayey Gravel with fine to
coarse sand and cobbles, reddish brown, dry,
low plasticity, trace clay, weak reaction to
HCL.

Note: driller added water to hole

Levee Fill: Silty Gravel with fine to coarse
sand and cobbles, reddish brown, dry, low
plasticity, weak reaction to HCL.

Note: driller added water

Levee Fill: Clayey Gravel with fine to coarse
sand and cobbles, reddish brown, dry, low
plasticity, weak reaction to HCL.

Levee Fill: Silty Gravel with fine to coarse
sand and cobbles , reddish brown, dry, low
plasticity, trace clay, weak reaction to HCL.

Appx. Surface Elevation (ft): 4921.99

B
lo

w
 C

ou
nt

s
pe

r 6
" I

nt
er

va
l

Te
st

s

P
as

si
ng

D
E

P
TH

 (f
t)

M
oi

st
ur

e

0.0 to 17.0 feet

SM

Surface Condition:  Sparse Vegetation,
Station # 261+47
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Levee Fill: Silty Sand with gravel and
cobbles, sand is fine to coarse grained,
reddish brown, dry, trace clay.
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bedding, moderately fractured, weak
reaction to HCL.

Stopped drilling at 25.0  feet in hard bedrock
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LOG OF Test boring SB-3    (Continued)
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Note: Slight increase in fine grained sand at
2.5 feet.

Sandy Lean Clay (native), with fine grained
sand, reddish-brown, dry, medium plasticity.

8227

Surface Condition:  Sparse Vegetation,
Station # 356+48

Note: Very hard drilling at 10 feet.

12 CL100

Moenkopi Formation (sandstone),
light-brown,  moderately weathered, fine
grained, bedding is thin and horizontal with
interspersed mudstone laminations,
moderately fractured, moderately soft and
friable in hand specimen.

Note: Becomes moderately hard at 7.0 feet.
Rig chatter increased.

Stopped drilling at 12.5  feet in hard bedrock
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Hole Diameter (in):
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Total Depth (ft):
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Date Started:

Drilling Company:

Latitude & Longitude:
No Free Groundwater Encountered

LOG OF Test boring SB-4

N 35° 0' 27.3"  W 110° 44' 18.2"
Groundwater Depth (ft):

12.5
SonicDrilling Method:

Equipment:



DESCRIPTION

Weathered Bedrock: Sandy Lean Clay, trace
sand and gravel, light brown to reddish, dry,
medium plasticity, weak reaction to HCL,

Note: drillers added water

Levee Fill: Sandy Lean Clay trace fine sand
and gravel and cobbles, light reddish brown,
dry, medium plasticity, weak reaction to HCL.

Levee Fill:  Clayey Gravel with medium to
coarse sand and gravel, light brown, dry, low
plasticity.

Levee Fill: Silty, Clayey Sand with gravel,
sand is fine to coarse grained, light reddish
brown, dry, low plasticity, weak reaction to
HCL.

0.0 to 17.0 feet
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Appx. Surface Elevation (ft): 4968.63
Surface Condition:  Sparse Vegetation,

Station # 358+64
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Levee Fill : Sandy Lean Clay some fine sand
and gravel,  reddish-brown, dry, medium
plasticity.
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LOG OF Test boring SB-5

N 35° 0' 28.7"  W 110° 44' 20.3"Latitude & Longitude:
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17.0 to 35.0 feet

31

stratified with thin and horizontal
laminations of silty sand.

Note: Increased  cobbles at 17.5 feet.

Moenkopi Formation (sandstone),
light-brown,  poor to moderate weathering,
fine grained, thin and horizontal bedding,
moderately fractured, well cemented, strong
reaction to HCL.

Note: difficult drilling at 20 feet.

Note: driller added water to drill hole
periodically.

Note: Drilling contractor indicated that the drill
advance was alternating between hard and
soft layers in the subsurface.

Note: Reaction to HCL becomes weak at 30.5
feet

Stopped drilling at 35 feet in bedrock
(Moenkopi Formation)
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LOG OF Test boring SB-5    (Continued)
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Surface Condition:  Sparse Vegetation,
Station # 357+63

Moenkopi Formation (sandstone),
light-brown,  moderately weathered, thinly
laminated horizontal bedding, fine grained,

Levee Fill: Sandy Silty Clay, trace gravel and
cobbles, sand fraction is fine to medium,
reddish brown, dry,  low plasticity.
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Levee Fill: Sandy Lean Clay some fine to
medium sand and gravel, dark reddish
brown, dry, medium plasticity.
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Winslow Levees
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Ruby Wash Diversion Levee, Station 165+00 to 381+30
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Date Started:

Equipment:

35.0
Sonic

Total Depth (ft):
Drilling Method:

3/31/2009
3/31/2009

Date Completed:

Logged By:

Automatic

Drilling Company:
Hole Diameter (in):
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weak reaction to HCL, friable in hand
specimen.

Note: Becomes moderately weathered
andhard at 22 feet.

Drilling Stopped at 35.0 fee in moderately hard
sandstone.

Stopped sampling at 35.0 feet

DESCRIPTION

C
on

te
nt

 (%
)

17.0 to 35.0 feet

M
oi

st
ur

e

D
E

P
TH

 (f
t)

P
as

si
ng

Te
st

s

pe
r 6

" I
nt

er
va

l
B

lo
w

 C
ou

nt
s

P
as

si
ng

S
am

pl
e 

In
te

rv
al

Date:

FIGURE

Page  2  of  2

A37
Project Number:R. Katako

June, 2009

Drafted By:

93212

Winslow Levees
Woodson Engineering & Surveying, Inc.
Ruby Wash Diversion Levee, Station 165+00 to 381+30
Winslow, Arizona

Copyright Kleinfelder, Inc. 2009

U
P

D
A

TE
D

 G
E

O
_A

D
O

T_
E

W
/E

L 
93

21
2.

G
P

J 
 6

/1
8/

20
09

LOG OF Test boring SB-6    (Continued)

Page  2  of  2

4950

4945

4940

4935

20

25

30

35

A37



#4
 S

ie
ve

 (%
)

B
lo

w
 C

ou
nt

s
pe

r 6
" I

nt
er

va
l

Te
st

s

P
as

si
ng

D
E

P
TH

 (f
t)

0.0 to 15.0 feet

R
es

is
ta

nc
e 

(b
pf

)

C
on

te
nt

 (%
)

S
am

pl
e 

In
te

rv
al

Appx. Surface Elevation (ft): 4958.54
Surface Condition:  Sparse Vegetation,

Station # 360+14
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Note: difficult drilling started at 5'.

Silty Clay, with fine grained sand, reddish
brown, dry, low plasticity.

8924

Note: very difficult drilling

10 CL100

Sandstone, Triassic Moenkopi Formation,
sedimentary, light-brown, moderately
weathered,  fine grained, moderately hard,
thinly bedded.

Note: hard

Stopped sampling at 15.0 feet
Drilling Stopped at 15.0 feet.
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Winslow Levees
Woodson Engineering & Surveying, Inc.
Ruby Wash Diversion Levee, Station 165+00 to 381+30
Winslow, Arizona
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A38
Drafted By:

June, 2009

R. Katako Project Number:

93212

6

Date Completed:

A38

Automatic

Drilling Company:

3/31/2009

Hammer Type: Total Depth (ft):

3/31/2009
Date Started:

Hole Diameter (in):

Latitude & Longitude:
No Free Groundwater Encountered

Logged By:

LOG OF Test boring SB-7

N 35° 0' 28.9"  W 110° 44' 22.2"
Groundwater Depth (ft):

15.0
SonicDrilling Method:

Equipment:



 

APPENDIX B 
 

Laboratory Test Results 

 



Cobbles       Fines
COARSE FINE COARSE MEDIUM FINE

0.0% 0.0% 0.0% 0.0% 0.5% 12.0% 87.5%

PARTICLE SIZE % FINER
6" 100

SAMPLE SOURCE: B-3 @ 1' 4" 100
3" 100
2" 100

1½" 100
1¼" 100

LL: 27 1" 100
PL: 16 3/4" 100
PI: 11 1/2" 100

3/8" 100
1/4" 100

USCS: CL #4 100
Sandy Lean clay #8 100

#10 100
AASHTO: A-6(8) #16 100

Clayey soils #30 100
#40 99
#50 99

NATURAL MOISTURE CONTENT: 4.12% #100 98
NATURAL DRY DENSITY: 100.3 #200 87

Results include summarized reporting of ASTM D2487, D2216, D2937
RUBY WASH DIVERSION LEVEE

STA 165+00 to 381+50

CLIENT: WOODSON ENGINEERING & SURVEYING, INC.
Sampled: 10/30/08 93212(1.6w): 08706-1
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Cobbles       Fines
COARSE FINE COARSE MEDIUM FINE

0.0% 0.0% 0.0% 0.0% 0.0% 12.3% 87.7%

PARTICLE SIZE % FINER
6" 100

SAMPLE SOURCE: B-1 @ 1' 4" 100
3" 100
2" 100

1½" 100
1¼" 100

LL: 29 1" 100
PL: 16 3/4" 100
PI: 13 1/2" 100

3/8" 100
1/4" 100

USCS: CL #4 100
Lean clay #8 100

#10 100
AASHTO: A-6(10) #16 100

Clayey soils #30 100
#40 100
#50 100
#100 97
#200 88

Results include summarized reporting of ASTM D2487
RUBY WASH DIVERSION LEVEE

STA 165+00 to 381+50

CLIENT: WOODSON ENGINEERING & SURVEYING, INC.
Sampled: 10/30/08 93212(1.6w): 08706-2
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0
Cobbles                   Fines 0

COARSE FINE COARSE MEDIUM FINE SILT CLAY
0.0% 3.5% 32.6% 13.0% 12.6% 8.3% 19.6% 10.5%

PARTICLE SIZE % FINER
6" 100

SAMPLE SOURCE: B-5 @ 3' 4" 100
3" 100
2" 100

1½" 100
1¼" 100

LL: 23 1" 100
PL: 17 3/4" 97
PI: 6 1/2" 86

3/8" 78
1/4" 70

USCS: GC-GM #4 64
Silty, clayey gravel with sand #8 54

#10 51
AASHTO: A-2-4(0) #16 45

Silty gravel and sand #30 40
#40 38
#50 37
#100 35
#200 30

0.005 mm 10.5
0.001 mm 5.8 (colloids)

Results include summarized reporting of ASTM D2487, D422
RUBY WASH DIVERSION LEVEE

STA 165+00 to 381+50

CLIENT: WOODSON ENGINEERING & SURVEYING, INC.
Sampled: 10/30/08 93212(1.6w): 08706-3
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Cobbles       Fines
COARSE FINE COARSE MEDIUM FINE SILT

0.0% 0.0% 0.3% 0.8% 12.7% 50.4% 35.9%

PARTICLE SIZE % FINER
6" 100

SAMPLE SOURCE: B-6 @ 1' 4" 100
3" 100
2" 100

1½" 100
1¼" 100

LL: 20 1" 100
PL: 19 3/4" 100
PI: 1 1/2" 100

3/8" 100
1/4" 100

USCS: SC #4 100
Clayey sand #8 99

#10 99
AASHTO: A-4(0) #16 97

Silty soils #30 91
#40 86
#50 79

NATURAL MOISTURE CONTENT: 2.63% #100 60
NATURAL DRY DENSITY: 101.3 #200 36

Results include summarized reporting of ASTM D2487, D2216, D2937
RUBY WASH DIVERSION LEVEE

STA 165+00 to 381+50

CLIENT: WOODSON ENGINEERING & SURVEYING, INC.
Sampled: 10/30/08 93212(1.6w): 08706-4
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Cobbles       Fines
COARSE FINE COARSE MEDIUM FINE

0.0% 6.7% 14.3% 9.2% 25.2% 21.6% 22.9%

PARTICLE SIZE % FINER
6" 100

SAMPLE SOURCE: B-20 @ 1' 4" 100
3" 100
2" 100

1½" 100
1¼" 100

LL: 17 1" 93
PL: 16 3/4" 93
PI: 1 1/2" 86

3/8" 85
1/4" 81

USCS: SC #4 79
Clayey sand with gravel #8 72

#10 70
AASHTO: A-1-b(0) #16 61

Stone fragments, gravel and sand #30 48
#40 45
#50 39

NATURAL MOISTURE CONTENT: 1.45% #100 35
NATURAL DRY DENSITY: 104.9 #200 23

Results include summarized reporting of ASTM D2487, D2216, D2937
RUBY WASH DIVERSION LEVEE

STA 165+00 to 381+50

CLIENT: WOODSON ENGINEERING & SURVEYING, INC.
Sampled: 10/30/08 93212(1.6w): 08706-5
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Cobbles                   Fines
COARSE FINE COARSE MEDIUM FINE SILT CLAY

0.0% 22.6% 19.1% 12.6% 14.6% 7.5% 14.1% 9.4%

PARTICLE SIZE % FINER
6" 100

SAMPLE SOURCE: B-7 @ 5' 4" 100
3" 100
2" 100

1½" 100
1¼" 77

LL: 23 1" 77
PL: 15 3/4" 77
PI: 8 1/2" 72

3/8" 69
1/4" 62

USCS: GC #4 58
Clayey gravel with sand #8 48

#10 46
AASHTO: A-2-4(0) #16 39

Silty gravel and sand #30 33
#40 31
#50 30
#100 27
#200 24

0.005 mm 9.4
0.001 mm 5.2 (colloids)

Results include summarized reporting of ASTM D2487, D422
RUBY WASH DIVERSION LEVEE

STA 165+00 to 381+50

CLIENT: WOODSON ENGINEERING & SURVEYING, INC.
Sampled: 10/30/08 93212(1.6w): 08706-6
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Cobbles                   Fines
COARSE FINE COARSE MEDIUM FINE SILT CLAY

0.0% 26.4% 27.4% 7.7% 8.9% 5.3% 14.8% 9.5%

PARTICLE SIZE % FINER
6" 100

SAMPLE SOURCE: B-9 @ 7' 4" 100
3" 100
2" 100

1½" 100
1¼" 100

LL: 24 1" 82
PL: 17 3/4" 74
PI: 7 1/2" 61

3/8" 56
1/4" 49

USCS: GC-GM #4 46
Silty, clayey gravel with sand #8 40

#10 38
AASHTO: A-2-4(0) #16 34

Silty gravel and sand #30 31
#40 30
#50 29

NATURAL MOISTURE CONTENT: 3.19% #100 27
NATURAL DRY DENSITY: 113.6 #200 24

0.005 mm 9.5
0.001 mm 5.8 (colloids)

Results include summarized reporting of ASTM D2487, D2216, D2937, D422
RUBY WASH DIVERSION LEVEE

STA 165+00 to 381+50

CLIENT: WOODSON ENGINEERING & SURVEYING, INC.
Sampled: 10/30/08 93212(1.6w): 08706-7

APPENDIX
����������	
�������

�������	�������

���������������

��������������� B.7

Gravel Sand

ATTERBERG LIMITS

Particle Size Distribution

0%

10%

20%

30%

40%

50%

60%

70%

80%

90%

100%

0.0010.010.11101001000
Particle Size (mm)

P
as

si
ng



Cobbles                   Fines
COARSE FINE COARSE MEDIUM FINE SILT CLAY

0.0% 19.1% 24.7% 8.0% 10.3% 10.3% 15.9% 11.6%

PARTICLE SIZE % FINER
6" 100

SAMPLE SOURCE: B-11 @ 3' 4" 100
3" 100
2" 100

1½" 100
1¼" 81

LL: 24 1" 81
PL: 17 3/4" 81
PI: 7 1/2" 72

3/8" 67
1/4" 63

USCS: GC-GM #4 56
Silty, clayey gravel with sand #8 50

#10 48
AASHTO: A-2-4(0) #16 44

Silty gravel and sand #30 40
#40 38
#50 37
#100 34
#200 28

0.005 mm 11.6
0.001 mm 7.3 (colloids)

Results include summarized reporting of ASTM D2487, D422
RUBY WASH DIVERSION LEVEE

STA 165+00 to 381+50

CLIENT: WOODSON ENGINEERING & SURVEYING, INC.
Sampled: 10/30/08 93212(1.6w): 08706-8
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Cobbles                   Fines
COARSE FINE COARSE MEDIUM FINE SILT CLAY

0.0% 11.2% 24.2% 10.8% 12.9% 10.8% 19.3% 10.9%

PARTICLE SIZE % FINER
6" 100

SAMPLE SOURCE: B-11 @ 11' 4" 100
3" 100
2" 100

1½" 100
1¼" 100

LL: 23 1" 89
PL: 17 3/4" 89
PI: 6 1/2" 83

3/8" 76
1/4" 70

USCS: GC-GM #4 65
Silty, clayey gravel with sand #8 56

#10 54
AASHTO: A-2-4(0) #16 48

Silty gravel and sand #30 43
#40 41
#50 39

NATURAL MOISTURE CONTENT: 2.91% #100 36
NATURAL DRY DENSITY: 113.4 #200 30

0.005 mm 10.9
0.001 mm 6.0 (colloids)

Results include summarized reporting of ASTM D2487, D2216, D2937, D422
RUBY WASH DIVERSION LEVEE

STA 165+00 to 381+50

CLIENT: WOODSON ENGINEERING & SURVEYING, INC.
Sampled: 10/30/08 93212(1.6w): 08706-9
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Cobbles       Fines
COARSE FINE COARSE MEDIUM FINE

0.0% 0.0% 2.9% 3.3% 7.5% 24.6% 61.7%

PARTICLE SIZE % FINER
6" 100

SAMPLE SOURCE: B-12 @ 6' 4" 100
3" 100
2" 100

1½" 100
1¼" 100

LL: 21 1" 100
PL: 15 3/4" 100
PI: 6 1/2" 100

3/8" 99
1/4" 98

USCS: CL-ML #4 97
Silty clay #8 94

#10 94
AASHTO: A-4(1) #16 92

Silty soils #30 88
#40 86
#50 84
#100 78
#200 62

Results include summarized reporting of ASTM D2487
RUBY WASH DIVERSION LEVEE

STA 165+00 to 381+50

CLIENT: WOODSON ENGINEERING & SURVEYING, INC.
Sampled: 10/30/08 93212(1.6w): 08706-10
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Cobbles       Fines
COARSE FINE COARSE MEDIUM FINE

0.0% 0.0% 0.5% 1.1% 4.2% 18.6% 75.6%

PARTICLE SIZE % FINER
6" 100

SAMPLE SOURCE: B-12 @ 10' 4" 100
3" 100
2" 100

1½" 100
1¼" 100

LL: 25 1" 100
PL: 19 3/4" 100
PI: 6 1/2" 100

3/8" 100
1/4" 100

USCS: CL-ML #4 99
Silty clay #8 99

#10 98
AASHTO: A-4(3) #16 97

Silty soils #30 95
#40 94
#50 93
#100 91
#200 76

Results include summarized reporting of ASTM D2487
RUBY WASH DIVERSION LEVEE

STA 165+00 to 381+50

CLIENT: WOODSON ENGINEERING & SURVEYING, INC.
Sampled: 10/30/08 93212(1.6w): 08706-11
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Cobbles       Fines
COARSE FINE COARSE MEDIUM FINE

0.0% 15.9% 12.7% 3.6% 7.2% 39.9% 20.6%

PARTICLE SIZE % FINER
6" 100

SAMPLE SOURCE: B-17 @ 3' 4" 100
3" 100
2" 100

1½" 100
1¼" 100

LL: NV 1" 88
PL: NP 3/4" 84
PI: NP 1/2" 81

3/8" 76
1/4" 73

USCS: SC #4 71
Clayey sand with gravel #8 68

#10 68
AASHTO: A-2-4(0) #16 66

Silty gravel and sand #30 65
#40 60
#50 47
#100 37
#200 21

Results include summarized reporting of ASTM D2487
RUBY WASH DIVERSION LEVEE

STA 165+00 to 381+50

CLIENT: WOODSON ENGINEERING & SURVEYING, INC.
Sampled: 10/30/08 93212(1.6w): 08706-12
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Cobbles       Fines
COARSE FINE COARSE MEDIUM FINE

0.0% 46.3% 13.5% 4.0% 3.0% 12.9% 20.4%

PARTICLE SIZE % FINER
6" 100

SAMPLE SOURCE: B-17 @ 19' 4" 100
3" 100
2" 100

1½" 56
1¼" 56

LL: NV 1" 56
PL: NP 3/4" 54
PI: NP 1/2" 49

3/8" 46
1/4" 42

USCS: GC #4 40
Clayey gravel with sand #8 37

#10 36
AASHTO: A-1-b(0) #16 35

Stone fragments, gravel and sand #30 34
#40 33
#50 33

NATURAL MOISTURE CONTENT: 3.30% #100 32
NATURAL DRY DENSITY: 124.8 #200 20

Results include summarized reporting of ASTM D2487, D2216, D2937
RUBY WASH DIVERSION LEVEE

STA 165+00 to 381+50

CLIENT: WOODSON ENGINEERING & SURVEYING, INC.
Sampled: 10/30/08 93212(1.6w): 08706-13
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Cobbles       Fines
COARSE FINE COARSE MEDIUM FINE

0.0% 23.5% 26.5% 5.2% 4.8% 13.5% 26.5%

PARTICLE SIZE % FINER
6" 100

SAMPLE SOURCE: B-18 @ 1' 4" 100
3" 100
2" 86

1½" 86
1¼" 78

LL: 22 1" 78
PL: 15 3/4" 76
PI: 7 1/2" 65

3/8" 60
1/4" 52

USCS: GC-GM #4 50
Silty, clayey gravel with sand #8 46

#10 45
AASHTO: A-2-4(0) #16 43

Silty gravel and sand #30 41
#40 40
#50 38
#100 36
#200 27

Results include summarized reporting of ASTM D2487
RUBY WASH DIVERSION LEVEE

STA 165+00 to 381+50

CLIENT: WOODSON ENGINEERING & SURVEYING, INC.
Sampled: 10/30/08 93212(1.6w): 08706-14
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Cobbles       Fines
COARSE FINE COARSE MEDIUM FINE

0.0% 16.2% 15.0% 3.4% 7.9% 26.1% 31.4%

PARTICLE SIZE % FINER
6" 100

SAMPLE SOURCE: B-21 @ 10' 4" 100
3" 100
2" 100

1½" 86
1¼" 86

LL: 18 1" 86
PL: NP 3/4" 84
PI: NP 1/2" 78

3/8" 75
1/4" 71

USCS: SC #4 69
Clayey sand with gravel #8 67

#10 65
AASHTO: A-2-4(0) #16 63

Silty gravel and sand #30 59
#40 57
#50 56

NATURAL MOISTURE CONTENT: 3.20% #100 53
NATURAL DRY DENSITY: 118.6 #200 31

Results include summarized reporting of ASTM D2487, D2216, D2937
RUBY WASH DIVERSION LEVEE

STA 165+00 to 381+50

CLIENT: WOODSON ENGINEERING & SURVEYING, INC.
Sampled: 10/30/08 93212(1.6w): 08706-15
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Cobbles       Fines
COARSE FINE COARSE MEDIUM FINE

0.0% 0.0% 5.4% 8.2% 25.2% 23.3% 37.9%

PARTICLE SIZE % FINER
6" 100

SAMPLE SOURCE: B-23 @ 11' 4" 100
3" 100
2" 100

1½" 100
1¼" 100

LL: NV 1" 100
PL: NP 3/4" 100
PI: NP 1/2" 98

3/8" 98
1/4" 96

USCS: SC #4 95
Clayey sand #8 88

#10 86
AASHTO: A-4(0) #16 79

Silty soils #30 67
#40 61
#50 55

NATURAL MOISTURE CONTENT: 1.29% #100 45
NATURAL DRY DENSITY: 85.4 #200 38

Results include summarized reporting of ASTM D2487, D2216, D2937
RUBY WASH DIVERSION LEVEE

STA 165+00 to 381+50

CLIENT: WOODSON ENGINEERING & SURVEYING, INC.
Sampled: 10/30/08 93212(1.6w): 08706-16
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Cobbles       Fines
COARSE FINE COARSE MEDIUM FINE

0.0% 0.0% 0.0% 0.0% 0.7% 34.6% 64.7%

PARTICLE SIZE % FINER
6" 100

SAMPLE SOURCE: B-23 @ 6' 4" 100
3" 100
2" 100

1½" 100
1¼" 100

LL: 25 1" 100
PL: 20 3/4" 100
PI: 5 1/2" 100

3/8" 100
1/4" 100

USCS: CL-ML #4 100
Silty clay #8 100

#10 100
AASHTO: A-4(1) #16 100

Silty soils #30 100
#40 99
#50 96
#100 81
#200 65

Results include summarized reporting of ASTM D2487
RUBY WASH DIVERSION LEVEE

STA 165+00 to 381+50

CLIENT: WOODSON ENGINEERING & SURVEYING, INC.
Sampled: 10/30/08 93212(1.6w): 08706-17
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Cobbles       Fines
COARSE FINE COARSE MEDIUM FINE

0.0% 0.0% 4.2% 2.8% 5.3% 13.0% 74.8%

PARTICLE SIZE % FINER
6" 100

SAMPLE SOURCE: B-2 @ 5' 4" 100
3" 100
2" 100

1½" 100
1¼" 100

LL: 29 1" 100
PL: 17 3/4" 100
PI: 12 1/2" 99

3/8" 98
1/4" 97

USCS: CL #4 96
Lean clay #8 94

#10 93
AASHTO: A-6(7) #16 91

Clayey soils #30 89
#40 88
#50 86

NATURAL MOISTURE CONTENT: 4.61% #100 82
NATURAL DRY DENSITY: 112.4 #200 75

Results include summarized reporting of ASTM D2487, D2216, D2937
RUBY WASH DIVERSION LEVEE

STA 165+00 to 381+50

CLIENT: WOODSON ENGINEERING & SURVEYING, INC.
Sampled: 10/30/08 93212(1.6w): 08706-18
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Cobbles       Fines
COARSE FINE COARSE MEDIUM FINE

0.0% 0.0% 1.6% 1.9% 14.9% 30.3% 51.3%

PARTICLE SIZE % FINER
6" 100

SAMPLE SOURCE: B-21 @ 21' 4" 100
3" 100
2" 100

1½" 100
1¼" 100

LL: 21 1" 100
PL: 15 3/4" 100
PI: 6 1/2" 99

3/8" 99
1/4" 99

USCS: CL-ML #4 98
Silty clay #8 97

#10 96
AASHTO: A-4(0) #16 93

Silty soils #30 84
#40 82
#50 79
#100 74
#200 51

Results include summarized reporting of ASTM D2487
RUBY WASH DIVERSION LEVEE

STA 165+00 to 381+50

CLIENT: WOODSON ENGINEERING & SURVEYING, INC.
Sampled: 10/30/08 93212(1.6w): 08706-19
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Cobbles       Fines
COARSE FINE COARSE MEDIUM FINE

0.0% 29.8% 25.5% 6.3% 5.1% 16.5% 16.9%

PARTICLE SIZE % FINER
6" 100

SAMPLE SOURCE: B-13 @ 9' 4" 100
3" 100
2" 100

1½" 100
1¼" 100

LL: NV 1" 79
PL: NP 3/4" 70
PI: NP 1/2" 56

3/8" 53
1/4" 47

USCS: GC #4 45
Clayey gravel with sand #8 40

#10 38
AASHTO: A-1-b(0) #16 36

Stone fragments, gravel and sand #30 34
#40 33
#50 33

NATURAL MOISTURE CONTENT: 0.78% #100 31
#200 17

Results include summarized reporting of ASTM D2487, D2216
RUBY WASH DIVERSION LEVEE

STA 165+00 to 381+50

CLIENT: WOODSON ENGINEERING & SURVEYING, INC.
Sampled: 10/30/08 93212(1.6w): 08706-20
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SAMPLE SOURCE: B-13 @ 20-21.5'

LL: 19
PL: 16
PI: 3

Results include summarized reporting of ASTM C117 & D4318
RUBY WASH DIVERSION LEVEE

STA 165+00 to 381+50

CLIENT: WOODSON ENGINEERING & SURVEYING, INC.
Sampled: 10/30/08 93212(1.6w): 09144-1

ATTERBERG LIMITS

Retained on No. 200 Passing No. 200

21.1%78.9%
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SAMPLE SOURCE: B-13 @ 15-16.5'

LL: NV
PL: NP
PI: NP

Results include summarized reporting of ASTM C117 & D4318
RUBY WASH DIVERSION LEVEE

STA 165+00 to 381+50

CLIENT: WOODSON ENGINEERING & SURVEYING, INC.
Sampled: 10/30/08 93212(1.6w): 09144-2

ATTERBERG LIMITS

Retained on No. 200 Passing No. 200

83.6% 16.4%
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Cobbles
COARSE FINE COARSE MEDIUM FINE SILT CLAY

3.1% 19.8% 18.0% 6.0% 7.0% 19.1% 17.9% 9.2%

PARTICLE SIZE % FINER
6" 100

SAMPLE SOURCE: SB-1 @ 2.5-5' 4" 100
3" 97
2" 90

1½" 87
1¼" 85

LL: 16 1" 81
PL: 14 3/4" 77
PI: 2 1/2" 71

3/8" 67
1/4" 62

USCS: GM #4 59
Silty gravel with sand #8 55

#10 53
AASHTO: A-2-4(0) #16 50

Silty gravel and sand #30 48
#40 46
#50 43
#100 40
#200 27

0.005 mm 9.2
0.001 mm 5.0 (colloids)

RUBY WASH DIVERSION LEVEE
STA 165+00 to 381+50

CLIENT: WOODSON ENGINEERING & SURVEYING, INC.
Sampled: 04/01/09 93212(2.2w): 09113-2

Results include summarized reporting of ASTM D2487& D422

Fines

ATTERBERG LIMITS

Gravel Sand

APPENDIX
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Cobbles
COARSE FINE COARSE MEDIUM FINE SILT CLAY

7.5% 23.8% 18.0% 5.6% 4.1% 22.4% 11.9% 6.8%

PARTICLE SIZE % FINER
6" 100

SAMPLE SOURCE: SB-1 @ 5-7.5' 4" 100
3" 93
2" 88

1½" 82
1¼" 80

LL: NV 1" 74
PL: NP 3/4" 69
PI: NP 1/2" 63

3/8" 59
1/4" 53

USCS: GM #4 51
Silty gravel with sand #8 46

#10 45
AASHTO: A-1-b(0) #16 43

Stone fragments, gravel and sand #30 42
#40 41
#50 40
#100 37
#200 19

0.005 mm 6.8
0.001 mm 4.2 (colloids)

RUBY WASH DIVERSION LEVEE
STA 165+00 to 381+50

CLIENT: WOODSON ENGINEERING & SURVEYING, INC.
Sampled: 04/01/09 93212(2.2w): 09113-3

Fines

ATTERBERG LIMITS

Gravel Sand

APPENDIX
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Results include summarized reporting of ASTM D2487& D422
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#REF!
Cobbles

COARSE FINE COARSE MEDIUM FINE SILT CLAY
0.0% 28.6% 18.3% 5.0% 8.3% 9.3% 20.9% 9.5%

PARTICLE SIZE % FINER
6" 100

SAMPLE SOURCE: SB-1 @ 10-12.5' 4" 100
3" 100
2" 88

1½" 82
1¼" 80

LL: 20 1" 75
PL: 16 3/4" 71
PI: 4 1/2" 64

3/8" 60
1/4" 56

USCS: GC-GM #4 53
Silty, clayey gravel with sand #8 49

#10 48
AASHTO: A-2-4(0) #16 45

Silty gravel and sand #30 41
#40 40
#50 39
#100 37
#200 30

0.005 mm 9.5
0.001 mm 5.7 (colloids)

RUBY WASH DIVERSION LEVEE
STA 165+00 to 381+50

CLIENT: WOODSON ENGINEERING & SURVEYING, INC.
Sampled: 04/01/09 93212(2.2w): 09113-5

Fines

ATTERBERG LIMITS

SandGravel
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APPENDIXResults include summarized reporting of ASTM D2487& D422
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#REF!
Cobbles

COARSE FINE COARSE MEDIUM FINE SILT CLAY
9.4% 14.8% 17.8% 7.1% 8.3% 13.3% 20.3% 8.9%

PARTICLE SIZE % FINER
6" 100

SAMPLE SOURCE: SB-1 @ 15-17.5' 4" 94
3" 91
2" 87

1½" 85
1¼" 83

LL: 19 1" 80
PL: 14 3/4" 76
PI: 5 1/2" 69

3/8" 66
1/4" 61

USCS: GC-GM #4 58
Silty, clayey gravel with sand #8 52

#10 51
AASHTO: A-2-4(0) #16 47

Silty gravel and sand #30 44
#40 43
#50 42
#100 40
#200 29

0.005 mm 8.9
0.001 mm 4.6 (colloids)

RUBY WASH DIVERSION LEVEE
STA 165+00 to 381+50

CLIENT: WOODSON ENGINEERING & SURVEYING, INC.
Sampled: 04/01/09 93212(2.2w): 09113-7

Fines

ATTERBERG LIMITS

Gravel Sand

APPENDIX
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Results include summarized reporting of ASTM D2487& D422
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Cobbles
COARSE FINE COARSE MEDIUM FINE SILT CLAY

5.0% 13.2% 10.7% 5.4% 5.5% 27.2% 22.5% 10.6%

PARTICLE SIZE % FINER
6" 100

SAMPLE SOURCE: SB-1 @ 17.5-20' 4" 100
3" 95
2" 93

1½" 88
1¼" 87

LL: 17 1" 84
PL: 14 3/4" 82
PI: 3 1/2" 78

3/8" 76
1/4" 73

USCS: SM #4 71
Silty sand with gravel #8 67

#10 66
AASHTO: A-2-4(0) #16 64

Silty gravel and sand #30 61
#40 60
#50 60
#100 58
#200 33

0.005 mm 10.6
0.001 mm 4.4 (colloids)

RUBY WASH DIVERSION LEVEE
STA 165+00 to 381+50

CLIENT: WOODSON ENGINEERING & SURVEYING, INC.
Sampled: 04/01/09 93212(2.2w): 09113-8

Fines

APPENDIX

ATTERBERG LIMITS

Gravel Sand
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Results include summarized reporting of ASTM D2487& D422
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Cobbles
COARSE FINE COARSE MEDIUM FINE SILT CLAY

4.0% 27.3% 21.0% 5.6% 5.9% 14.9% 14.0% 7.5%

PARTICLE SIZE % FINER
6" 100

SAMPLE SOURCE: SB-1 @ 21-22.5' 4" 100
3" 96
2" 90

1½" 81
1¼" 77

LL: 16 1" 74
PL: 9 3/4" 69
PI: 7 1/2" 60

3/8" 56
1/4" 51

USCS: GC-GM #4 48
Silty, clayey gravel with sand #8 43

#10 42
AASHTO: A-2-4(0) #16 40

Silty gravel and sand #30 37
#40 36
#50 35
#100 34
#200 21

0.005 mm 7.5
0.001 mm 3.2 (colloids)

RUBY WASH DIVERSION LEVEE
STA 165+00 to 381+50

CLIENT: WOODSON ENGINEERING & SURVEYING, INC.
Sampled: 04/01/09 93212(2.2w): 09113-10

Results include summarized reporting of ASTM D2487& D422

ATTERBERG LIMITS

Gravel Sand
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Cobbles
COARSE FINE COARSE MEDIUM FINE SILT CLAY

0.0% 23.0% 15.5% 3.8% 5.4% 15.5% 22.5% 14.4%

PARTICLE SIZE % FINER
6" 100

SAMPLE SOURCE: SB-1 @ 22.5-24' 4" 100
3" 100
2" 89

1½" 85
1¼" 82

LL: 18 1" 80
PL: 15 3/4" 77
PI: 3 1/2" 72

3/8" 69
1/4" 65

USCS: GM #4 62
Silty gravel with sand #8 58

#10 58
AASHTO: A-4(0) #16 56

Silty soils #30 53
#40 52
#50 51
#100 49
#200 37

0.005 mm 14.4
0.001 mm 6.8 (colloids)

RUBY WASH DIVERSION LEVEE
STA 165+00 to 381+50

CLIENT: WOODSON ENGINEERING & SURVEYING, INC.
Sampled: 04/01/09 93212(2.2w): 09113-11

Fines

Results include summarized reporting of ASTM D2487& D422

ATTERBERG LIMITS

Gravel Sand
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Cobbles
COARSE FINE COARSE MEDIUM FINE SILT CLAY

5.3% 10.0% 9.0% 3.5% 9.4% 21.4% 26.2% 15.4%

PARTICLE SIZE % FINER
6" 100

SAMPLE SOURCE: SB-1 @ 24-25.5' 4" 100
3" 95
2" 91

1½" 90
1¼" 88

LL: 17 1" 87
PL: 15 3/4" 85
PI: 2 1/2" 82

3/8" 80
1/4" 77

USCS: SM #4 76
Silty sand with gravel #8 73

#10 72
AASHTO: A-4(0) #16 70

Silty soils #30 65
#40 63
#50 61
#100 57
#200 42

0.005 mm 15.4
0.001 mm 9.0 (colloids)

RUBY WASH DIVERSION LEVEE
STA 165+00 to 381+50

CLIENT: WOODSON ENGINEERING & SURVEYING, INC.
Sampled: 04/01/09 93212(2.2w): 09113-12

Fines

ATTERBERG LIMITS

SandGravel
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APPENDIXResults include summarized reporting of ASTM D2487& D422
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Cobbles
COARSE FINE COARSE MEDIUM FINE SILT CLAY

0.0% 10.6% 11.3% 7.1% 19.6% 22.5% 19.1% 9.9%

PARTICLE SIZE % FINER
6" 100

SAMPLE SOURCE: SB-1 @ 25.5-26' 4" 100
3" 100
2" 100

1½" 100
1¼" 100

LL: 18 1" 100
PL: NP 3/4" 89
PI: NP 1/2" 86

3/8" 85
1/4" 80

USCS: SM #4 78
Silty sand with gravel #8 72

#10 71
AASHTO: A-2-4(0) #16 66

Silty gravel and sand #30 55
#40 51
#50 48
#100 42
#200 29

0.005 mm 9.9
0.001 mm 5.1 (colloids)

RUBY WASH DIVERSION LEVEE
STA 165+00 to 381+50

CLIENT: WOODSON ENGINEERING & SURVEYING, INC.
Sampled: 04/01/09 93212(2.2w): 09113-13

Fines

ATTERBERG LIMITS

Gravel Sand
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Results include summarized reporting of ASTM D2487& D422 APPENDIX
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#REF!
Cobbles

COARSE FINE COARSE MEDIUM FINE SILT CLAY
3.0% 18.5% 22.3% 3.2% 5.4% 19.0% 20.0% 8.6%

PARTICLE SIZE % FINER
6" 100

SAMPLE SOURCE: SB-2 @ 2.5-5' 4" 100
3" 97
2" 92

1½" 91
1¼" 88

LL: 19 1" 84
PL: 16 3/4" 79
PI: 3 1/2" 70

3/8" 66
1/4" 59

USCS: GM #4 56
Silty gravel with sand #8 54

#10 53
AASHTO: A-2-4(0) #16 51

Silty gravel and sand #30 49
#40 48
#50 46
#100 45
#200 29

0.005 mm 8.6
0.001 mm 3.8 (colloids)

RUBY WASH DIVERSION LEVEE
STA 165+00 to 381+50

CLIENT: WOODSON ENGINEERING & SURVEYING, INC.
Sampled: 04/01/09 93212(2.2w): 09113-16

Results include summarized reporting of ASTM D2487& D422

Fines

ATTERBERG LIMITS

Gravel Sand

APPENDIX
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Cobbles
COARSE FINE COARSE MEDIUM FINE SILT CLAY

0.0% 25.6% 17.7% 4.6% 6.6% 16.3% 20.7% 8.4%

PARTICLE SIZE % FINER
6" 100

SAMPLE SOURCE: SB-2 @ 5-7.5' 4" 100
3" 100
2" 89

1½" 84
1¼" 82

LL: 18 1" 79
PL: 16 3/4" 74
PI: 2 1/2" 68

3/8" 64
1/4" 59

USCS: GM #4 57
Silty gravel with sand #8 53

#10 52
AASHTO: A-2-4(0) #16 49

Silty gravel and sand #30 46
#40 45
#50 44
#100 43
#200 29

0.005 mm 8.4
0.001 mm 3.1 (colloids)

RUBY WASH DIVERSION LEVEE
STA 165+00 to 381+50

CLIENT: WOODSON ENGINEERING & SURVEYING, INC.
Sampled: 04/01/09 93212(2.2w): 09113-17

Results include summarized reporting of ASTM D2487& D422

ATTERBERG LIMITS

Gravel Sand Fines

APPENDIX
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Cobbles
COARSE FINE COARSE MEDIUM FINE SILT CLAY

0.0% 19.3% 21.3% 4.9% 6.0% 16.5% 22.3% 9.7%

PARTICLE SIZE % FINER
6" 100

SAMPLE SOURCE: SB-2 @ 10-12.5' 4" 100
3" 100
2" 94

1½" 92
1¼" 89

LL: 19 1" 85
PL: 16 3/4" 81
PI: 3 1/2" 74

3/8" 69
1/4" 63

USCS: GM #4 59
Silty gravel with sand #8 56

#10 55
AASHTO: A-2-4(0) #16 52

Silty gravel and sand #30 49
#40 49
#50 48
#100 47
#200 32

0.005 mm 9.7
0.001 mm 3.6 (colloids)

RUBY WASH DIVERSION LEVEE
STA 165+00 to 381+50

CLIENT: WOODSON ENGINEERING & SURVEYING, INC.
Sampled: 04/01/09 93212(2.2w): 09113-19

Results include summarized reporting of ASTM D2487& D422

ATTERBERG LIMITS

Sand FinesGravel

APPENDIX
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Cobbles
COARSE FINE COARSE MEDIUM FINE SILT CLAY

0.0% 13.5% 9.3% 6.3% 12.6% 12.4% 30.4% 15.5%

PARTICLE SIZE % FINER
6" 100

SAMPLE SOURCE: SB-2 @ 15-17.5' 4" 100
3" 100
2" 96

1½" 94
1¼" 93

LL: 21 1" 90
PL: 16 3/4" 87
PI: 5 1/2" 83

3/8" 82
1/4" 78

USCS: SC-SM #4 77
Silty, clayey sand with gravel #8 72

#10 71
AASHTO: A-4(0) #16 66

Silty soils #30 60
#40 58
#50 57
#100 55
#200 46

0.005 mm 15.5
0.001 mm 9.8 (colloids)

RUBY WASH DIVERSION LEVEE
STA 165+00 to 381+50

CLIENT: WOODSON ENGINEERING & SURVEYING, INC.
Sampled: 04/01/09 93212(2.2w): 09113-21

Results include summarized reporting of ASTM D2487& D422

ATTERBERG LIMITS

FinesGravel Sand

APPENDIX
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Cobbles
COARSE FINE COARSE MEDIUM FINE SILT CLAY

0.0% 25.7% 21.6% 7.2% 8.8% 12.9% 17.4% 6.4%

PARTICLE SIZE % FINER
6" 100

SAMPLE SOURCE: SB-3 @ 2.5-5' 4" 100
3" 100
2" 92

1½" 86
1¼" 83

LL: 17 1" 80
PL: 16 3/4" 74
PI: 1 1/2" 67

3/8" 62
1/4" 56

USCS: GM #4 53
Silty gravel with sand #8 47

#10 46
AASHTO: A-1-b(0) #16 42

Stone fragments, gravel and sand #30 38
#40 37
#50 36
#100 34
#200 24

0.005 mm 6.4
0.001 mm 2.8 (colloids)

RUBY WASH DIVERSION LEVEE
STA 165+00 to 381+50

CLIENT: WOODSON ENGINEERING & SURVEYING, INC.
Sampled: 04/01/09 93212(2.2w): 09113-26

Results include summarized reporting of ASTM D2487& D422

ATTERBERG LIMITS

Fines

APPENDIX
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Gravel Sand
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Cobbles
COARSE FINE COARSE MEDIUM FINE SILT CLAY

0.0% 18.0% 22.2% 9.2% 11.3% 12.4% 18.7% 8.2%

PARTICLE SIZE % FINER
6" 100

SAMPLE SOURCE: SB-3 @ 5-7.5' 4" 100
3" 100
2" 95

1½" 92
1¼" 89

LL: 19 1" 85
PL: 16 3/4" 82
PI: 3 1/2" 75

3/8" 70
1/4" 63

USCS: GC #4 60
Clayey gravel with sand #8 52

#10 51
AASHTO: A-2-4(0) #16 46

Silty gravel and sand #30 41
#40 39
#50 37
#100 35
#200 27

0.005 mm 8.2
0.001 mm 4.8 (colloids)

RUBY WASH DIVERSION LEVEE
STA 165+00 to 381+50

CLIENT: WOODSON ENGINEERING & SURVEYING, INC.
Sampled: 04/01/09 93212(2.2w): 09113-27

Results include summarized reporting of ASTM D2487& D422

ATTERBERG LIMITS

Fines
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APPENDIX
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Cobbles
COARSE FINE COARSE MEDIUM FINE SILT CLAY

0.0% 33.0% 17.7% 6.0% 7.8% 9.3% 18.8% 7.5%

PARTICLE SIZE % FINER
6" 100

SAMPLE SOURCE: SB-3 @ 10-12.5' 4" 100
3" 100
2" 87

1½" 82
1¼" 78

LL: 20 1" 73
PL: 16 3/4" 67
PI: 4 1/2" 60

3/8" 57
1/4" 52

USCS: GC-GM #4 49
Silty, clayey gravel with sand #8 44

#10 43
AASHTO: A-2-4(0) #16 40

Silty gravel and sand #30 37
#40 36
#50 35
#100 34
#200 26

0.005 mm 7.5
0.001 mm 3.4 (colloids)

RUBY WASH DIVERSION LEVEE
STA 165+00 to 381+50

CLIENT: WOODSON ENGINEERING & SURVEYING, INC.
Sampled: 04/01/09 93212(2.2w): 09113-30

Results include summarized reporting of ASTM D2487& D422

ATTERBERG LIMITS

Sand Fines

APPENDIX
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Gravel

Particle Size Distribution
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Cobbles
COARSE FINE COARSE MEDIUM FINE SILT CLAY

16.9% 22.2% 18.3% 5.2% 5.9% 4.0% 20.5% 6.9%

PARTICLE SIZE % FINER
6" 100

SAMPLE SOURCE: SB-3 @ 12.5-15' 4" 83
3" 83
2" 76

1½" 72
1¼" 69

LL: 22 1" 65
PL: 18 3/4" 61
PI: 4 1/2" 54

3/8" 51
1/4" 46

USCS: GC-GM #4 43
Silty, clayey gravel with sand #8 38

#10 37
AASHTO: A-2-4(0) #16 35

Silty gravel and sand #30 32
#40 31
#50 31
#100 31
#200 27

0.005 mm 6.9
0.001 mm 3.2 (colloids)

RUBY WASH DIVERSION LEVEE
STA 165+00 to 381+50

CLIENT: WOODSON ENGINEERING & SURVEYING, INC.
Sampled: 04/01/09 93212(2.2w): 09113-31

Results include summarized reporting of ASTM D2487& D422

ATTERBERG LIMITS

Gravel Fines

B.39
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Cobbles
COARSE FINE COARSE MEDIUM FINE SILT CLAY

0.0% 0.0% 0.0% 0.6% 2.2% 15.3% 45.9% 36.0%

PARTICLE SIZE % FINER
6" 100

SAMPLE SOURCE: SB-4 @ 0-2.5' 4" 100
3" 100
2" 100

1½" 100
1¼" 100

LL: 27 1" 100
PL: 15 3/4" 100
PI: 12 1/2" 100

3/8" 100
1/4" 100

USCS: CL #4 100
Sandy Lean clay #8 100

#10 99
AASHTO: A-6(8) #16 99

Clayey soils #30 98
#40 97
#50 96
#100 93
#200 82

0.005 mm 36.0
0.001 mm 22.9 (colloids)

RUBY WASH DIVERSION LEVEE
STA 165+00 to 381+50

CLIENT: WOODSON ENGINEERING & SURVEYING, INC.
Sampled: 04/01/09 93212(2.2w): 09113-36

Results include summarized reporting of ASTM D2487& D422

ATTERBERG LIMITS

Gravel Sand Fines

APPENDIX
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Cobbles
COARSE FINE COARSE MEDIUM FINE SILT CLAY

0.0% 2.2% 8.3% 2.5% 5.3% 11.1% 54.0% 16.5%

PARTICLE SIZE % FINER
6" 100

SAMPLE SOURCE: SB-5 @ 0-2.5' 4" 100
3" 100
2" 100

1½" 99
1¼" 99

LL: 29 1" 99
PL: 18 3/4" 98
PI: 11 1/2" 96

3/8" 94
1/4" 91

USCS: CL #4 89
Sandy Lean clay #8 87

#10 87
AASHTO: A-6(6) #16 85

Clayey soils #30 83
#40 82
#50 80
#100 77
#200 71

0.005 mm 16.5
0.001 mm 3.8 (colloids)

RUBY WASH DIVERSION LEVEE
STA 165+00 to 381+50

CLIENT: WOODSON ENGINEERING & SURVEYING, INC.
Sampled: 04/01/09 93212(2.2w): 09113-41

Results include summarized reporting of ASTM D2487& D422

ATTERBERG LIMITS

Gravel FinesSand

APPENDIX
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Cobbles
COARSE FINE COARSE MEDIUM FINE SILT CLAY

9.7% 20.1% 17.6% 2.8% 5.5% 7.9% 22.0% 14.5%

PARTICLE SIZE % FINER
6" 100

SAMPLE SOURCE: SB-5 @ 5-7.5' 4" 100
3" 90
2" 82

1½" 80
1¼" 77

LL: 25 1" 74
PL: 16 3/4" 70
PI: 9 1/2" 65

3/8" 62
1/4" 56

USCS: GC #4 53
Clayey gravel with sand #8 50

#10 50
AASHTO: A-4(0) #16 48

Silty soils #30 45
#40 44
#50 43
#100 41
#200 36

0.005 mm 14.5
0.001 mm 9.0 (colloids)

RUBY WASH DIVERSION LEVEE
STA 165+00 to 381+50

CLIENT: WOODSON ENGINEERING & SURVEYING, INC.
Sampled: 04/01/09 93212(2.2w): 09113-43

Results include summarized reporting of ASTM D2487& D422

ATTERBERG LIMITS

FinesGravel Sand

APPENDIX
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Cobbles
COARSE FINE COARSE MEDIUM FINE SILT CLAY

0.0% 0.3% 0.6% 1.3% 5.2% 21.4% 37.4% 33.9%

PARTICLE SIZE % FINER
6" 100

SAMPLE SOURCE: SB-5 @ 7.5-10' 4" 100
3" 100
2" 100

1½" 100
1¼" 100

LL: 26 1" 100
PL: 16 3/4" 100
PI: 10 1/2" 100

3/8" 99
USCS: CL 1/4" 99

Sandy Lean clay #4 99
#8 98

AASHTO: A-4(5) #10 98
Silty soils #16 96

#30 94
#40 93
#50 91
#100 86
#200 71

0.005 mm 33.9
0.001 mm 20.5 (colloids)

RUBY WASH DIVERSION LEVEE
STA 165+00 to 381+50

CLIENT: WOODSON ENGINEERING & SURVEYING, INC.
Sampled: 04/01/09 93212(2.2w): 09113-44

Results include summarized reporting of ASTM D2487& D422

SandGravel

APPENDIX

Fines

ATTERBERG LIMITS
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Cobbles
COARSE FINE COARSE MEDIUM FINE SILT CLAY

0.0% 0.1% 1.1% 0.7% 1.6% 12.6% 56.2% 27.7%

PARTICLE SIZE % FINER
6" 100

SAMPLE SOURCE: SB-5 @ 10-12.5' 4" 100
3" 100
2" 100

1½" 100
1¼" 100

LL: 25 1" 100
PL: 17 3/4" 100
PI: 8 1/2" 100

3/8" 99
USCS: CL 1/4" 99

Sandy Lean clay #4 99
#8 98

AASHTO: A-4(5) #10 98
Silty soils #16 98

#30 97
#40 96
#50 96
#100 93
#200 84

0.005 mm 27.7
0.001 mm 16.2 (colloids)

RUBY WASH DIVERSION LEVEE
STA 165+00 to 381+50

CLIENT: WOODSON ENGINEERING & SURVEYING, INC.
Sampled: 04/01/09 93212(2.2w): 09113-45

Results include summarized reporting of ASTM D2487& D422

Fines

ATTERBERG LIMITS

Gravel Sand
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Cobbles
COARSE FINE COARSE MEDIUM FINE SILT CLAY

0.0% 0.0% 0.0% 0.2% 2.1% 26.3% 40.6% 30.8%

PARTICLE SIZE % FINER
6" 100

SAMPLE SOURCE: SB-5 @ 12.5-15' 4" 100
3" 100
2" 100

1½" 100
1¼" 100

LL: 24 1" 100
PL: 15 3/4" 100
PI: 9 1/2" 100

3/8" 100
USCS: CL 1/4" 100

Sandy Lean clay #4 100
#8 100

AASHTO: A-4(4) #10 100
Silty soils #16 99

#30 98
#40 98
#50 96
#100 89
#200 71

0.005 mm 30.8
0.001 mm 20.3 (colloids)

RUBY WASH DIVERSION LEVEE
STA 165+00 to 381+50

CLIENT: WOODSON ENGINEERING & SURVEYING, INC.
Sampled: 04/01/09 93212(2.2w): 09113-46

Results include summarized reporting of ASTM D2487& D422

ATTERBERG LIMITS

FinesGravel Sand

B.45
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Cobbles
COARSE FINE COARSE MEDIUM FINE SILT CLAY

21.4% 1.9% 2.8% 2.3% 4.7% 6.7% 36.7% 23.4%

PARTICLE SIZE % FINER
6" 100

SAMPLE SOURCE: SB-5 @ 17.5-20' 4" 79
3" 79
2" 79

1½" 78
1¼" 78

LL: 31 1" 77
PL: 19 3/4" 77
PI: 12 1/2" 76

3/8" 75
USCS: CL 1/4" 74

Gravelly Lean clay #4 74
#8 72

AASHTO: A-6(5) #10 72
Clayey soils #16 70

#30 68
#40 67
#50 66
#100 63
#200 60

0.005 mm 23.4
0.001 mm 5.3 (colloids)

RUBY WASH DIVERSION LEVEE
STA 165+00 to 381+50

CLIENT: WOODSON ENGINEERING & SURVEYING, INC.
Sampled: 04/01/09 93212(2.2w): 09113-48

Gravel

Results include summarized reporting of ASTM D2487& D422

ATTERBERG LIMITS

FinesSand

APPENDIX
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Cobbles
COARSE FINE COARSE MEDIUM FINE SILT CLAY

0.0% 4.7% 8.1% 2.8% 7.9% 19.2% 32.8% 24.5%

PARTICLE SIZE % FINER
6" 100

SAMPLE SOURCE: SB-6 @ 1-3' 4" 100
3" 100
2" 99

1½" 97
1¼" 97

LL: 28 1" 96
PL: 16 3/4" 95
PI: 12 1/2" 93

3/8" 91
USCS: CL 1/4" 89

Sandy Lean clay #4 87
#8 85

AASHTO: A-6(4) #10 84
Clayey soils #16 82

#30 79
#40 76
#50 73
#100 67
#200 57

0.005 mm 24.5
0.001 mm 15.1 (colloids)

RUBY WASH DIVERSION LEVEE
STA 165+00 to 381+50

CLIENT: WOODSON ENGINEERING & SURVEYING, INC.
Sampled: 04/01/09 93212(2.2w): 09113-56

Results include summarized reporting of ASTM D2487& D422

Fines

ATTERBERG LIMITS

SandGravel

APPENDIX
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Cobbles
COARSE FINE COARSE MEDIUM FINE SILT CLAY

0.0% 2.0% 3.7% 2.0% 5.5% 14.5% 37.2% 35.1%

PARTICLE SIZE % FINER
6" 100

SAMPLE SOURCE: SB-6 @ 3-5' 4" 100
3" 100
2" 100

1½" 100
1¼" 99

LL: 28 1" 99
PL: 16 3/4" 98
PI: 12 1/2" 97

3/8" 96
1/4" 95

USCS: CL #4 94
Sandy Lean clay #8 93

#10 92
AASHTO: A-6(6) #16 91

Clayey soils #30 88
#40 87
#50 85
#100 81
#200 72

0.005 mm 35.1
0.001 mm 21.3 (colloids)

RUBY WASH DIVERSION LEVEE
STA 165+00 to 381+50

CLIENT: WOODSON ENGINEERING & SURVEYING, INC.
Sampled: 04/01/09 93212(2.2w): 09113-57

Results include summarized reporting of ASTM D2487& D422

Sand Fines

ATTERBERG LIMITS

B.48
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Cobbles
COARSE FINE COARSE MEDIUM FINE SILT CLAY

0.0% 0.0% 1.3% 1.4% 4.7% 13.6% 41.8% 37.3%

PARTICLE SIZE % FINER
6" 100

SAMPLE SOURCE: SB-6 @ 7-8' 4" 100
3" 100
2" 100

1½" 100
1¼" 100

LL: 27 1" 100
PL: 17 3/4" 100
PI: 10 1/2" 100

3/8" 100
1/4" 99

USCS: CL #4 99
Sandy Lean clay #8 98

#10 97
AASHTO: A-4(6) #16 96

Silty soils #30 94
#40 93
#50 91
#100 87
#200 79

0.005 mm 37.3
0.001 mm 22.5 (colloids)

RUBY WASH DIVERSION LEVEE
STA 165+00 to 381+50

CLIENT: WOODSON ENGINEERING & SURVEYING, INC.
Sampled: 04/01/09 93212(2.2w): 09113-59

Results include summarized reporting of ASTM D2487& D422

Gravel Fines

ATTERBERG LIMITS

B.49
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#REF!
Cobbles

COARSE FINE COARSE MEDIUM FINE SILT CLAY
0.0% 0.0% 0.1% 0.8% 3.3% 22.5% 38.6% 34.6%

PARTICLE SIZE % FINER
6" 100

SAMPLE SOURCE: SB-6 @ 8-10' 4" 100
3" 100
2" 100

1½" 100
1¼" 100

LL: 23 1" 100
PL: 14 3/4" 100
PI: 9 1/2" 100

3/8" 100
1/4" 100

USCS: CL #4 100
Sandy Lean clay #8 99

#10 99
AASHTO: A-4(4) #16 98

Silty soils #30 97
#40 96
#50 95
#100 89
#200 73

0.005 mm 34.6
0.001 mm 20.8 (colloids)

RUBY WASH DIVERSION LEVEE
STA 165+00 to 381+50

CLIENT: WOODSON ENGINEERING & SURVEYING, INC.
Sampled: 04/01/09 93212(2.2w): 09113-60

Results include summarized reporting of ASTM D2487& D422

Fines

ATTERBERG LIMITS

Gravel Sand
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B.50
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#REF!
Cobbles

COARSE FINE COARSE MEDIUM FINE SILT CLAY
0.0% 0.0% 0.1% 0.2% 1.7% 16.6% 44.7% 36.6%

PARTICLE SIZE % FINER
6" 100

SAMPLE SOURCE: SB-6 @ 10-12.5' 4" 100
3" 100
2" 100

1½" 100
1¼" 100

LL: 23 1" 100
PL: 13 3/4" 100
PI: 10 1/2" 100

3/8" 100
1/4" 100

USCS: CL #4 100
Sandy Lean clay #8 100

#10 100
AASHTO: A-4(5) #16 99

Silty soils #30 99
#40 98
#50 97
#100 93
#200 81

0.005 mm 36.6
0.001 mm 24.0 (colloids)

RUBY WASH DIVERSION LEVEE
STA 165+00 to 381+50

CLIENT: WOODSON ENGINEERING & SURVEYING, INC.
Sampled: 04/01/09 93212(2.2w): 09113-61

Results include summarized reporting of ASTM D2487& D422

Gravel Sand Fines

ATTERBERG LIMITS
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B.51
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Cobbles
COARSE FINE COARSE MEDIUM FINE SILT CLAY

0.0% 0.6% 0.3% 0.2% 1.6% 16.0% 51.9% 29.4%

PARTICLE SIZE % FINER
6" 100

SAMPLE SOURCE: SB-6 @ 12.5-15' 4" 100
3" 100
2" 100

1½" 100
1¼" 100

LL: 22 1" 100
PL: 15 3/4" 99
PI: 7 1/2" 99

3/8" 99
1/4" 99

USCS: CL-ML #4 99
Sandy Silty clay #8 99

#10 99
AASHTO: A-4(3) #16 99

Silty soils #30 98
#40 97
#50 96
#100 92
#200 81

0.005 mm 29.4
0.001 mm 17.2 (colloids)

RUBY WASH DIVERSION LEVEE
STA 165+00 to 381+50

CLIENT: WOODSON ENGINEERING & SURVEYING, INC.
Sampled: 04/01/09 93212(2.2w): 09113-62

ATTERBERG LIMITS

Gravel Sand Fines

B.52

Results include summarized reporting of ASTM D2487& D422
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Cobbles
COARSE FINE COARSE MEDIUM FINE SILT CLAY

0.0% 0.0% 0.0% 0.2% 0.7% 10.3% 47.7% 41.1%

PARTICLE SIZE % FINER
6" 100

SAMPLE SOURCE: SB-7 @ 0-2.5' 4" 100
3" 100
2" 100

1½" 100
1¼" 100

LL: 24 1" 100
PL: 14 3/4" 100
PI: 10 1/2" 100

3/8" 100
1/4" 100

USCS: CL #4 100
Sandy Lean clay #8 100

#10 100
AASHTO: A-4(6) #16 100

Silty soils #30 99
#40 99
#50 99
#100 97
#200 89

0.005 mm 41.1
0.001 mm 25.6 (colloids)

RUBY WASH DIVERSION LEVEE
STA 165+00 to 381+50

CLIENT: WOODSON ENGINEERING & SURVEYING, INC.
Sampled: 04/01/09 93212(2.2w): 09113-71

Fines

ATTERBERG LIMITS

SandGravel

Results include summarized reporting of ASTM D2487& D422

B.53
APPENDIX
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SAMPLE SOURCE: SB-1 @ 25.5-26' INITIAL FINAL
Moisture Content (%) 4.7 16.4

USCS: SM   "Silty sand with gravel" Dry Density (pcf) 103.3 112.6
SPECIFIC GRAVITY: 2.65 (estimated) Degree of Saturation (%) 20 93

SATURATED AT: 3000 psf Void Ratio 0.6 0.5

Results include summarized reporting of ASTM D2435

CLIENT: WOODSON ENGINEERING & SURVEYING, INC.
Sampled: 04/01/09 93212(2.2w): 09113-13
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APPENDIX
STA 165+00 to STA 381+50

RUBY WASH DIVERSION LEVEE

B.54
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APPENDIX C 
 

Geophysical Reports 

 



Geophysical Survey Tests at the Winslow, AZ Levee 
Jim O'Donnell- Geophysical Contractor- January 12, 2008 

 
Seismic Refraction Microtremor, ReMi (Vs), tests which measure Shear wave velocities –Vs, were 
run to aid in the chacterization of the Winslow Levee.  Soil and rock strength is often determined by  
Vs, the higher the Vs the stronger or more competent the material is.  Voids or loose/unpacked soils 
give lower Vs values.  The Shear Modulus which is a measure of strength of soil/rock material is 
given by the product of the density and the square of (Vs).  Ground Penetrating Radar, GPR, tests 
were also made in an effort to correlate the very shallow section with the seismic surveys and 
evaluate GPR for Levee chacterization. 
 
 Both methods rely on high frequencies to sense shallow and low frequencies to sense deep.  GPR is 
an electro-magnetic radio wave, active source reflection method, and used 500 MHz bistatic 
antennas (Transmitter and Receiver) to sense shallow (~5 ft) and  200 MHz bistatic antennas to 
sense deeper (~10ft), both having very short wave lengths on the order of a few inches and less.  
The Levee area surveyed had built up soil/rock to heights between 10 to 20 ft. The combination of 
compacted soil and rock built into the Levee causes multiple reflections/diffractions which appear 
as clutter on the GPR profile as a result GPR interpretation becomes more of an art than a science.  
On the other hand a line off the Levee was able to track a shallow dipping layer quite well.  In other 
words, experience in seeing such clutter before and sorting it out is very important, as in general 
pseudo (false) anomalies are numerous in GPR profiles. 
 
The seismic method uses elastic waves, which utilized both active and passive sources, and 
measured frequencies from ~5 to 100 Hz.  The 100 Hz yielded the shallow depths and the 5 Hz the 
deeper depths, both giving wave lengths on the order of ~1.0 ft to 200 ft.  For the 1D model the 
Velocities were an average over the line length of 230ft and for the 2D models the Velocities were 
an average of a 110ft line length. These longer seismic wave lengths are averaging the geology over 
the line length which gives smooth looking results compared to the GPR scans which have such 
high resolution on very short wave lengths but are depth limited. 
 
In my opinion the Seismic surveys did not detect any significant areas of weakness in the Levees 
which could be caused by buried washouts/voids or not having used adequate construction material.   
In order to see the complete Levee depth with the GPR, three (3) different sized antennas would be 
required (500, 200 & 100 MHz).  Since we used the 500 MHz we were limited to a depth of ~4 ft.  
The one time we used the 200 MHz antenna we sensed ~10 ft, but lost resolution on the first ~5 ft.  
Consequently, all 3 sized antennas would be recommended to cover a depth of ~20ft. with adequate 
resolution. 
 
ReMi Method: 
In spite of its name ReMi is not a refraction method, but becomes extremely useful in ascertaining 
Vs from both passive and active sources. Both shallow and deep Vs can be determined by changing 
the geophone spacing (controls resolution) and lengthening the line (controls depth).  
The ReMi method uses background noise for signal, Rayleigh waves, which are generated from 
wind, nearby traffic, and nearby hammer pounding.  A big part of the Rayleigh waves are formed 
from Shear waves and the Shear wave velocities can be obtained from analysis of the ReMi data.  
Actually, the ReMi method is one of three Surface Wave methods used to compute average Vs 
down to a 100 foot depth which is required by the International Building Code for Geotechnical 
work (IBC-2006).  The other two methods are the better known Spectral Analysis of Surface Waves 



(SASW) and Multiple Analysis of Surface Waves (MASW).  The MASW method has recently been 
used for evaluation of Levees in New Orleans, New Mexico, and N. Texas (see Ivanov, J., et al, 
2006 & 2007). All three methods can be used to compute a 1D model as the Vs changes with depth. 
The big difference between the three methods is ReMi routinely uses Passive Rayleigh waves 
(background noise) while the other two prefer an Active source such as hammer hits which limit the 
depth of investigation. Quasi 2D Vs models can also be calculated from the data, which allows for 
seeing changes along the surface (horizontal direction). 
 
The five seismic lines (S1 to S5) were recorded using 4.5 Hz geophones with spikes, consisting of 
24 geophones with 10ft spacing, giving a line length of 230ft.  In addition, the seismic data was 
collected utilizing Seismic Sources Co., 24 channel, DAQLink II digital seismograph and data 
acquisition software Vibroscope V2.3.35.  Multiple Vs data sets, ten to thirty, were collected at a 
sample rate of two milliseconds for intervals of 30 seconds for each site.  The Thunderbolt II (a 
sleeve hammer) was used to generate the higher frequency signals. 
 
In general seismic methods are much more global in nature than borehole measurements, which 
only measure rock properties in the borehole or very close to it.  Furthermore, the ReMi method is 
more global than the GPR method which has very good resolution due to the high frequencies used.   
Consequently, when we measure the ReMi data over a line length, in our case L=230 ft (1D) or 110 
ft (2D), we are getting an average Vs over the entire length of the line.  The measured depth is 
proportional to the line length, the wave length of the Rayleigh wave recorded, and the velocity of 
the rock material.  The longer wave lengths penetrate deeper and measure to deeper depths than the 
shorter wave lengths (higher frequencies) which are limited to shallower depths.  The wave lengths 
we encountered were on the order of 2 to 200ft which is an indication of the geology we are able to 
sample. 
 
The ReMi data was analyzed using Optim software which computed the Velocity Spectra (p-f 
domain) from the field data, stacking the Spectra, and then picking the Dispersion Curve (DC).  The 
DC was then modeled to give a 1D model with changing Vs layers with depth.  Good references for 
the ReMi method are: John Louie’s original paper on ReMi (2001), and a recent ReMi case-study 
by Pullammanappallil (2006).   
 
Results: 
 
The Vs 1D models: See Levee 1D Vs Models  
 The  five (5) models show that the Levee lines (S2,S4 & S5) have similar Vs values down to 
~15 ft with S4 and S5 having the most similar models overall; these 2 lines are separated by a 
distance of ~3,000 ft.  Lines S2 (on Levee) and S3 (off Levee), are only ~ 500 ft apart but yet they 
show the greatest difference in their models.  In order to account for their large difference in the  
High and Low velocity layers- consider the following geologic model: 
The native rock becomes fractured which lowers the rock Vs considerably, and some of it 
eventually gets recemented causing a considerable increase in the original Vs. 
 
 
 
 
The 2 Lines off the Levee show 1D Vs model differences all the way down to 85 ft where they 
approach the same Vs.  They both have velocity inversions but at different depths.  The lines are 
only ~1 mile apart so the Vs profiles indicate significant geologic changes such as a ~40 ft vertical 



displacement to align the 2 profiles. 
 
1D Vs Models: 

Two Lines off Levee
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Line 1 Vs ReMi, V100=2098 ft/s, NEHRP/IBC Site Class 'C'

Line 3 Vs ReMi, V100=1794 ft/s, NEHRP/IBC Site Class 'C'

 
The 3 lines on the Levee show low 1D Vs models down to ~12ft where they all increase 
significantly are indicating a much stiffer soil/rock at depth.  L4 & 5 are more similar than L2 and 
are located at the West end of Levee, ~3/4 mile apart. 



Three lines on Levey
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Line 2 Vs ReMi, V100=2499 ft/s, NEHRP/IBC Site Class 'C'

Line 4 Vs ReMi, V100=1903 ft/s, NEHRP/IBC Site Class 'C'

Line 5 Vs ReMi, V100=2081 ft/s, NEHRP/IBC Site Class 'C'

 
You can expect the 1D & 2D models to differ when the geology changes along the line, as the 1D 
model is an average of the Vs along the total line length which is 230 ft.  The 2D models are 
calculated from a Line length of 110ft, and moved 30 ft then recalculated to give 5 models which 
are merged together to give a 2D profile.   The 2D models are averaged over 110 ft before merging 
together.  
The Vs 2D models:  See Seismic 2D Vs Profiles  
     The Levee profiles, S2, S4, S5, are the most similar and show model depths to 18, 25 and 33 ft 
respectively.   They show uniformity along the line with an increasing Vs with depth to the bottom 
of the Levees. 



 
The two lines not on the Levee (S1 & S3) show a much more complex Vs model- with Low and 
High Vs material as well as going much deeper.  The higher Vs allows for longer wave lengths and 
deeper penetration than found on the Levees.   
 
Geologic interpretations of 2D Vs Seismic Profiles from ReMi method:  Assume Bed Rock 
(BR) velocity is Vs~2-3Kf/s, which would give a Vp ~4-6Kf/s; higher velocities represent 
harder rocks which can come from stronger cementation, where fracturing lowers the 
velocity. (West, NW is to the left & East, SE is to the right.) 
 
S2 on Levee- (Near B26) Levee soil stiffness increasing with depth (0 to ~8ft), then native soil/rock  
(~8 to 15 ft) with BR at ~15ft (2.4 Kft/s).  

 
 
S4 on Levee- (near B9) Levee soil increasing stiffness with depth to ~10ft, BR starting ~11ft.  
Significant harder material coming in ~20ft depth. 

 
 



 
S5 on Levee- (near B2) shows increase in stiffness of soil on Levee with depth to ~10ft, with BR 
(Vs~2.5 Kf/s)  at ~11ft.   A possible buried stream channel can be seen on the left and higher  
Vs~5-7 Kf/s  material on the right side of profile. 

 



 
 
S3 off Levee (near B2) shows thinning & dipping soil to the East, with BR (Vs~3Kft/s) at 5 ft and 
less.  A lower Vs Lens (Vs<2Kft/s) can be seen at ~10ft on the left side; and a higher Vs~6 Kft/s 
anomaly at depth ~40-45 ft. 

 



 
S1 off Levee- (near B16) shows soil increasing velocity with shallow depth and BR starting ~8ft 
(Vs~2-3Kft/s) and hard possible Caliche lenses (Vs~9Kft/s) at ~15ft.  Vs variation of Vs below lens 
may be due to cementation increasing across the profile. 

 
 
 
GPR Profiles/Scans
 
The GPR system used was the Canadian Sensors & Software Inc. “pulseEKKO PRO” for data 
collection utilizing a SmartCart, and the “EKKO View Deluxe” analysis program.  
See http://www.sensoft.ca/products/pulseekko/pulseekkopro.html
The data was stacked in the field using ~30 records with a WOW filter. 
All the lines were done using the 500 MHz bistatic antennas- On & off the Levee.  One Line near 
S1, on the Levee, used both 500 MHz and 200 MHz bistatic antennas for comparison to see shallow 
& deep respectively.  The method measures reflected time and is converted to depth by assuming a 
velocity.  The usual way to obtain GPR velocities is to measure the sides of a hyperbole in the 
profile.  The value obtained using this calibration scheme was 0.60 ft/nanosecond-ns, (Velocity in 
air is 1ft/ns and all rocks are slower).  Dry rocks are usually on the order of 0.5ft/ns.  
 
The GPR Scans showed no indication of voids being present. 
 
F1. S1- is off the Levee and shows a dipping layer (probably in the Moenkopi formation) to the 
West and is able to track the bed to a depth of ~5ft.  The line was run in both directions W to E and 
then E to W, and repeats itself rather nicely. The dipping bed only has ~2 degree dip, but the dip 
is exaggerated due to the Vertical to Horizontal scales used. 
 
F2.  Line BH16, which is off the Levee was centered on BH16, and was run in a SW to NE 

http://www.sensoft.ca/products/pulseekko/pulseekkopro.html


direction, starting by geophone #16.  It shows some disturbed beds but they too are exaggerated due 
to the scaling involved.  
 
F3. Line BH17, was on the Levee, and is the only line which used the 500 & 200 MHz antennas: it 
clearly shows both antennas are needed to see the high resolution shallow (~5ft) and deeper depths 
(~10ft).  I actually have a 100 MHz antenna which could have possibly see down to the bottom of 
the Levee assuming ~20ft height.  
 
F4.  Line S2 was run on the Levee W to E with BH26 located to the E.  It appears not to see as deep 
probably due to more attenuation caused by more moisture in the rocks. 
 
F5a.  S3 is off the Levee, near BH12, running W to E for a distance of only 60 ft. It was a short line 
due to the vegetation/brush which allowed using geophones but would be required to be removed to 
run GPR.  At ~40ft distance a layer seems to disappear, at ~3.5ft depth.  There are several 
hyperbolas present indicating reflections off boulder like rocks.  
 
F5b & 5c.  The 2 short lines (18ft) are very similar and were run very close to the BH2 in a W to E 
and N to S direction.  They did not get much penetration probably due to moisture in soil. 
 
Fig 6.  S4 is on the Levee for a length of 140ft and is short due to a vehicle parked on the Levee. 
 
No GPR profile for S5. 
 
GPR Profile Scans- F1.  Line S1 GPR 500 MHz antennas going E to W- covers geophone 24 
to 1 (230 ft)-Data interpretable to ~6ft.  The dip angle is only ~2 degrees as horizontal & vertical 
scales are so different. 

 
Line S1 GPR 500 MHz antennas going W to E covers geophone 1 to 24 (230 ft) Data interpretable 
to ~6ft.  Note by running the profile in the reverse direction- we see the same features.  



 
 
F2.  Near S1 over BH16 (F1) going from SW to NE- Data good to ~6 ft   Off Levee (500MHz) 

 
 
 
 
 
 



 
 
 
F3.  BH17 (F1) On Levee- W to E 500MHz antennas 

 
BH17 (F1) On Levee- W to E 200MHz antennas- Notice poor resolution in 0 to 5 ft, but go to 
~11ft. 



 
 
F4.  S2 W on Levee, W to E, Near BH 26 (off Levee at East end) (500 MHz) 

 
 
F5a.  S3 W to E, Not on Levee, ~ 50ft E of BH 12- Only 60ft of GPR line due to Brush/Vegetation 
obstruction    (500MHz)                                 



  

 
 
F5b.  Near  S3- over BH12 East to West, Not on Levee (500 MHz) 

 



 
F5c.  Near  S3- over BH12 North to South, Not on Levee (500 MHz) 

 
F6.   
S4 Near BH9 (1 to 15)- ignore F1 below, short GPR line due to parked vehicle: (500 MHz) 

 
S5 W to E ~BH2 on W end, No GPR Profile 



 
 
Identifying features on Scans- GPR Stratigraphy can be applied to the scans. 

 
Line close to S1 by BH16 

 



 
 

 
 
 
 



 
 
 
Figure 1.  
 
Andrew Alvaro - Running GPR test along seismic line on Levee-with 500 MHz antennas. 

 
      GPR System collecting Data along ReMi Line                         Seismic system- 
 
 
REFERENCES: 
 
Burger, H. Roberts, 1992, Exploration Geophysics of the Shallow Subsurface: Prentice Hall, Inc. 
(GPR section good) 
 
IBC 2006, International Building Code®, International Code Council, 



See Table 1613.5.2 and Table 1613.5.5 for Shear wave velocity site class , ISBN-10: 1-58001-302-3 
(e-document) 
 
Ivanov, J., R. D. Miller, and J. Xia, 2007, Applications of the JARS method to study levee sites in 
southern Texas and southern New Mexico: 77th Annual International Meeting, SEG, Expanded 
Abstracts, 1725–1729. 
 
Ivanov, J., R. D. Miller, J. Xia, D. Steeples, and C. B. Park, 2006, Joint analysis of refractions with 
surface waves: An inverse refraction-traveltime solution: Geophysics, 71, R131–R138. 
 
Louie, John N., 2001, Faster, better: shear-wave velocity to 100 meters depth from refraction 
microtremor arrays: Bull. Seismol. Soc. Amer., 91, no. 2 (April), 347-364. 
http://optimsoftware.com/white_papers/images/remi.pdf
 
Derive one-and two-dimensional S-wave velocity from ambient (passive) and or active source using 
a typical seismograph and standard refraction geophones.  See http://optimsoftware.com/products/
  
Pullammanappallil, 2006, Highway Geophysics NDE, Conference Proceedings, St. Louis, MO, 
Geotechnical and Geophysical case studies involving the refraction microtremor (ReMi) method for 
shear wave profiling.  
 
Seismic Source Company is a manufacturer of seismic instruments and data acquisition systems, 
See http://seismicsource.com/phpnuke/html/index.phphttp://seismicsource.com/phpnuke/html/index.php
 
 
Jim O'Donnell- Geophysical Contractor 
Geotechnical/Oil & Gas/Mining Applications 
Seismic Surveys- Surface Waves, Refraction, & Reflection 
Ground Penetrating Radar, Resistivity, Magnetic, & VLF-EM Surveys 
Geophysics@mysite.com 702.293.5664 702.281.9081 cell  
Boulder City, NV 
 
 
 

http://optimsoftware.com/white_papers/images/remi.pdf
http://optimsoftware.com/products/
http://seismicsource.com/phpnuke/html/index.php


 
Geophysical Survey Tests at the Winslow, AZ Levee 

Jim O'Donnell- Geophysical Consultant/Contractor- May 11, 2009 
 Field work performed by Jim O’Donnell, Jim Houda; and Andrew Alvaro-Kleinfelder 
 

Seismic P-wave (Vp) refraction tomography lines were run on and near the Winslow Levee to aid in 
characterizing the Levee.  Line 1 was made off the Levee to better define an anomaly seen on a 
previous seismic survey using the Seismic Refraction Microtremor (ReMi) method, S-wave (Vs).  
The Vs test interpretation was a possible buried stream channel cutting below the Levee. The ReMi 
method was used in the first survey as it works when there is a velocity inversion with depth but the 
refraction method does not.  It was determined from the ReMi tests that only minor velocity 
inversions were encountered so the Vp refraction tomography method was employed as it gives 
much better resolution and more accurate velocity models than the ReMi method.  A second Vp 
line, Line 2, was run on the Levee where a buried Culvert goes through the bottom of the Levee. 
(See Site Location maps-attached.) 
 
Ground Penetrating Radar, GPR, tests were run on both Lines 1 and 2, to look for a correlation 
between the seismic and GPR measurements, as well as zones of weakness or voids in the 
subsurface.  A GPR line was also run on top of the Levee next to Line 1 for detection of voids or 
zones of weakness in the Levee. 
 
Field Parameters: 
The two seismic lines (Line1 & Line2) were recorded using 4.5 Hz geophones with spikes, 
consisting of 48 geophones with 5ft spacing, giving a geophone spread of 235ft.  A Hammer source 
was utilized for a seismic source using ten (10) Shot Points (SP) with each SP having 5 hits, which 
were stacked later.  The SP’s were located evenly along the line with 2 Shot Points being 10 ft off 
each end of the line; this essentially makes the Lines 255ft.  To extend Line 1 even further another 
Line was set up with overlapping geophones (9) to increase the length to 455ft.  Data sampling was 
done at 1/4ms with a time record of 0.3s.  In addition, the seismic data was collected utilizing 
Seismic Sources Co., 48 channel, DAQLink II digital seismograph and data acquisition software 
Vibroscope V2.3.35. See http://seismicsource.com/phpnuke/html/daq.php
 
 
The GPR system used was the Canadian Sensors & Software Inc. “pulseEKKO PRO” for data 
collection utilizing a SmartCart.  See http://www.sensoft.ca/products/pulseekko/pulseekkopro.html
The GPR system utilized three (3) different antennas- 100, 200, 500 MHz; and the data was stacked 
in the field using ~10-30 records. 
 
 
Processing Parameters: 
The First Break (FB) picks and the geometry of the lines are all that is required to process the Vp 
Tomography data.  Jim O‘Donnell made the First Break picks and formulated the geometry- SP and 
geophone locations.  With 48 geophones and 10 SP’s, we have a possible 480 FB picks or Raypaths 
to calculate a Vp model.  For Line 1 where we essentially joined 2 lines together we have a possible 
960 Raypaths to define the subsurface.  The modeling was done by Dr. Satish Pullammanappallil, 
of Optim Software in Reno, NV, using their  SeisOpt® @2DTM; program which derives 2D subsurface 
velocity structure from surface acquired seismic data. 
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http://seismicsource.com/phpnuke/html/daq.php
http://www.sensoft.ca/products/pulseekko/pulseekkopro.html
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The GPR data was analyzed by Jim O’Donnell using EKKO_View, a program from Sensors & 
Software, Inc.   The method measures reflected time and converts to depth by assuming a velocity.  
The usual way to obtain GPR velocities is to measure the sides of a hyperbole in the profile.  The 
value obtained using this calibration scheme was 0.30-0.50 ft/nanosecond-ns, velocity in air is 
~1ft/ns (0.98ft/ns) and all rocks are slower; dry rocks are usually on the order of 0.4-0.5ft/ns and 
wet rocks are ~0.2-0.3ft/s.  See Typical GPR Velocities for Common Materials in GPR Scans. 
 
 
RESULTS: 
 
Seismic- Vp 2D Tomographic Profiles 
Line 1- The Vp seismic Line shows essentially 3 layers with increasing Vp with depth.  Bedrock, 
BR, is assumed to be the bottom layer which has a high velocity, (Vp~9 to 13,000 ft/s) and starts 
between depths of 10ft (East side) to 18ft (West side). The top of the BR is ~8-9,000ft/s and could 
be due to weathering which lowers the Vp.  This surface does show some signs of irregularity, 
which can be interpreted as a stream channel around ~200ft and ~350ft mark.   
 
Line 2- The Vp seismic Line shows essentially the same 3 layers with increasing Vp with depth,   
except this line was taken on the Levee, by the Culvert.  The top layer is ~16ft thick and consists of 
mostly Levee material.  I am a bit surprised that the Levee material appears to be about the same 
velocity as the first ground layer seen in Line 1.  I assume the Levee Material (rock) has been dug 
out of the ground nearby and then compacted to make the Levee.  A case for a stream channel could 
be made for the area between 70 to 100 ft and at a depth of about 25-30ft.  A “Goggle Blowup” 
does show surface expressions of depressions (possible previous drainage-lines) crossing the Levee 
at Line 2, but not in this area-See Fig 4.  As expected, this is a bit deeper than the interpreted stream 
channels on Line 1 which is not setting under the Levee so would measure shallower.  The Culvert 
is located in the middle of the line at 125ft and was estimated in the field to be at a depth of 16ft.  
This also is where the seismic indicated a second layer is coming in with a Vp~6,000ft/s, which is 
hard material so the Culvert probably is buried in the first layer of lower Vp~2-3,000ft/s, which is 
material that is not as stiff.  We did not see the buried Culvert with the seismic survey.  The Vp 
profile for both Line 1 (Off Levee-undisturbed ground) and Line 2 (on the Levee consisting of 
engineered soil/rock) look very much alike, indicating the Levee is strong.  In other words, the 
Levee fill has the same Vp as the undisturbed ground. 
 
GPR- Scans/Profiles 
Line 1- 500, 200, 100 MHz- OFF Levee 
The dark and white zones represent rock layering, and you can see disturbed layering from 130 to 
230ft.  The expanded scale shows subsidence structure (slumping beds) at 153ft and a hyperbola at 
190ft.  The hyperbola looks like an upside down U and can be used to compute the rock velocity by 
measuring the slope steepness; steeper slopes are slower velocities or shallower slopes 
(dist/time=ft/ns) are higher velocities.  The quasi-hyperboles seen here are probably from buried 
boulders.  The 500MHz antenna shows the subsidence best as it is at a shallow depth. 
 
Line 1a- 200, 100 MHz- ON Levee (500 MHz not used) 
The Levee scans show more irregularities, and quasi-hyperboles which are probably buried boulders 
or pieces of rock (sandstone) that were used in the Levee construction. 
 
Line 2- 500, 200, 100 MHz- ON Levee 
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This line had a Culvert in the middle of the line buried at the bottom of the Levee (14-16ft), which 
we were not able to see.  It also had a wire fence with metal posts just east of the middle (marked as 
F1) as well as a single metal sign (near F2) just west of middle.  Both of these surface metal objects 
can be good GPR reflectors and seen in the profile.  F1 and F2 are marks we put on the profile as 
we pass over the wire fence location, and the middle of the line which is where the Culvert is 
buried.  You can see the metal sign best on the 200MHz and even measure hyperbole slope which 
approaches a velocity of ~1ft/ns which indicates it is a surface reflection.  Ignoring these artifacts 
from the surface we are able to see the layering disturbed in several areas which is a consequence 
on how the Levee was constructed.  In spite of these minor irregularities the integrity of the Levee 
seems to be good.  No signs of voids or major subsidence are seen in the first 8 ft, which is as deep 
as we were able to see. 
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Winslow Levee Site Location for Geophysical Tests on 4/6 & 4/7/2009 
Fig 1: Overview for Line1, Line1a & Line2 

 
Fig 2:  GPR lines Lines1 (Off Levee) & Lines1a (On Levee) 255ft Lines  

 
 
 



Fig 3:  Line 1 has been extended 200ft - a 455ft Vp Tomography Line- Off Levee 

 
Fig 4:  L2 255ft line with both GPR & Vp Tomography 

 



Vp Tomography Lines: 
Line 1: (OFF LEVEE): Scales approximately the same for both plots- Vp color the same and East is 
on the right for both plots, Elevation is considered Depth. 

 
Line 2: (ON LEVEE):                                                       

 



L1 with GPR 500MHz antenna- East to West of 235ft- Disturbed layers (0 to 2ft) at 150-160ft 

Expanded scale for Disturbed layers-                                                        Hyperbola-shallow boulder-   
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L1 with GPR 200MHz antenna- East to West of 235ft- Disturbed layers at 150-160ft 
Does not see shallow Disturbed layers well- Poor Resolution. 

 
Expanded scale for Disturbed layers- not seen as well as 500MHz antenna                                                        
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L1 with GPR 100MHz antenna- East to West of 235ft- Disturbed layers at 150-160ft 
Does not see shallow Disturbed layers well- Poor Resolution. 

 
Expanded scale for Disturbed layers- not seen as well as 500MHz antenna 
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L1a with GPR 200MHz antenna- East to West of 235ft- (0 to 3.8ft) Layering with Hyperbolas  

 
Expanded scale showing Disturbed layers in Levee- 100 to 170 ft                                                          
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L1a with GPR 100MHz antenna- East to West of 235ft- (0 to 3.8ft) Layering with Hyperbolas  

 
Expanded scale showing Disturbed layers in Levee- 100 to 170 
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L2 with GPR 500MHz antenna- East to West of 235ft- (0 to 4.4ft) Disturbed Layering with 
Hyperbolas <<<  F1 marks wire fence/post & F2 marks middle of line where Culvert buried. 

 
Expanded scale showing Disturbed layers in Levee- 100 to 150ft 
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L2 with GPR 200MHz antenna- East to West of 235ft- (0 to 4.4ft) Disturbed Layering with 
Hyperbolas <<<  F1 marks wire fence/post & F2 marks middle of line where Culvert buried. 

 
Expanded scale showing Disturbed layers in Levee- 100 to 150ft 
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L2 with GPR 100MHz antenna- East to West of 235ft- (0 to 6.5ft) Disturbed Layering with 
Hyperbolas <<<  F1 marks wire fence/post & F2 marks middle of line where Culvert buried. 
 

 
Expanded scale showing Disturbed layers in Levee- 100 to 150- poor resolution 
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The GPR Scans showed no indication of voids being present. 
 
Typical GPR Velocities for Common Materials 
 
Material  Velocity (ft/ns) 
Air                  0.98 
Ice                  0.53 
Dry Soil         0.49 
Granite           0.49 
Dry Salt          0.43 
Dry Rock        0.39 
Limestone       0.39 
Wet Rock       0.33 
Concrete         0.26-0.39 
Pavement        0.33 
Shale               0.30 
Silt                  0.23 
Wet Soil          0.20 
Clay                0.20 
Fresh Water    0.11 
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Field Photos: 

 
Line1 below Levee- Seismic & GPR Line 

 
 



Line2 Metal Fence on Levee           

         
Line2 showing Culvert under Levee on both sides                  

 
 



 

APPENDIX D 
 

As-Built Plans 
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APPENDIX E 
 

Selected Sections from USACE Design Memorandum No. 1 

 

































































































 

APPENDIX F 
 

Selected Sections from USACE Project Specifications 

 

























































































 

APPENDIX G 
 

General Site Photographs 
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APPENDIX H 
 

Sonic Boring and Rock Coring Photographs 
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